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ABSTRACT " 

This is the teacher's edition of one of the eight 
units of the Intermediate Science curriculum Study (ISCS) for level 
JII students (gradp 9), The chapters include basic information about 
heredity^ activities^ and optional "excursions- The answers to all * 
activities are included. An introduction describes the work of Gregof 
Mendel and his contribution to biology. An o/erview describes 
genetics sinc^ Mendel and the study of heredity as it relates to 
humans. Illustrations accompany the text, (Srt) ^ ' 
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An Introduction 



MENDEUS CONTRIBUTIONS 



The foundalion of ihc modern theory of inheritance— thai hereditary infor- 

nVllliOJr^lTft'nsrrmtTccfbydn 

Orcgor Mendel. Before Mendel's time, -inherited features were assumed ib 
be transmitted as though ihey were fluids. That is» the ' bloods" of the parents 
were assumed to mix in the offspring. This is probably the origin of the id^a 
of ''pure-blooded'' and "half-blooded" living creatures. 

AJthough -Mendel is recognized today as one of the truly great names in 
biology/ he was largely unknown among his contemporaries. In fact, the great 
signiflcance of his investigations during the 1850*s arid 1860*s was not recog- 
nized until 1900, sixteen years after his' death. In part, this was becaust his 
experiments were performed in the seclusion pf his monastery garden in 
cccftral Europe. Furthermore, he published his results in an obscure journal 
and corresponded with few important biologists. |f . 

Me!)der$ success in a field lhat attracted many other scientists can be ^ 
attributed largely to his methods. First, by studying only one characteristic ^ v 
at a time (that* is, by taking a systems approach), he simplified the complex ^ 
hereditary system that frustrated other investigators. Second, mathematics 
helped. By keeping track of the numbers of each type of feature, he was able 
to predict the ratios that led him to hypothesize the particulate nature of 
hereditary material. He' also showed that particular traits would res^gregate 
upon ftirthcr breeding. 

Mcndefs Aybrk was done on the garden pea. The structure of the garden 
pc4 is such iKat it is normally ^clf-fertilizing. However, Mendel cros^-poUinated 
peas by hand to prevent accidental pollination. After selecting peas that were 
pure strain for the features that he was interested in, Mendel began a seven- 
year series of careftil experiments by crossing the two pure strains. He carefully 
collected the peas from the first-generation pliints and found that they were 
all alike for the features he wAs studying. 

^ These first-generation seeds were planted, and each plant was allowed to 
fertilize itself. The resulting peas represented the second generation. Figure 
1 in Excursion 6-1 shows the results of some of Mendel's expeVimente. In fact, 
Bxcu^rsions 6-1 and 6-2 both jprovide fiirthcr background on this pioneer of 
, gehctfcs. As shown in the figure, the trait from the pure strain that did not 
Appear in the first generation reappeared in the ^econd generation in a ratio; 
of about 1 to 4 seeds. In other words, it seemed that one trail of the two 
pure-strain peas . was hidden or masked for a generation by the other trait. 
When it reappeared, the two trAits were in a ratio of approximately 3 to K 
The trait that seemed to/dp the masking in the first generation Mendel T3^ 
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called dominant and indicated with n capital letter (for example. B); he used 
the matching letter in lower case (for example, b) for the marked feature, 
which he termed recessive. He explained how hidden features were transmitted 
using tht concept that each individual contains a pair of these factors (two 
bus) for a given feature, and that cither of the two bits of information may 
be independently distributed to the offspring. 

Although Mendel began witfi Crosses involving only one feature at a time, 
he did not' limit his studies to such crosses. Gradually Mendel produced plants 
-•-thTTt -wcnr ptrrr -s^rrHTn ibr T(^^^ 

wrinkled, green seeds, described In Excursion 6-2. 

When plants that were pure strain for the seed features just described were 
crossed, all the first-generation .seeds were smooth and yellpw. Mendel then 
planted the .seeds and allowed the resulting plants to pollinate themselves. 

At this point there was a problem in predicting the features of the offspring. 
Did the features of seed color and seed shape always remain together, or wcrc> 
they assorted independently in the two gametes? Here Mendel called on a 
branch of mathematics for help. 

Probability is the branch of mathematic^hat deals with the prediction of 
chance events. Some knowledge of probability is very helpful in understanding 
inheritance. Probability is measured on a scale that runs from 0 (impossibility) 
- to 1 (certainty). For example, the probability of a coin's being flipped and 
coming up heads is .5 (or That is, we expect about half of a number of 
com tosses to come up heads. The probability of tqils is also I Similarly, the 
probability of n die's turning up 3 is ^ ' ' 

Of course, several events may occur at the same time. For example, we 
may flip two pennies together. What is the probability of both pennies coming 
up tails on the same throw? In such a case, the probability of the double 
event is the product of the separate prob£«bilities of the single events. There- 
fore, because the probability of tails on each coin is |, the probability of tails 
on both coins is J X j|, or ^. 

One of Mendel's important findings was the independent assortment of two ' 
or more sets of bits. Thus, the ideas of probabilit^just discussed apply to 
genetic combinations just as they do to tosses of coifls or dice. 

The "Punnett square" is a convenient way of predicting the features and 
probabilities of offspring from various crosses. In thisjnethod the bits from 
each parent are listed on the siTlcs of a square or rectangle. The possible unions 
of the various types of hits are shown iri the boxes of the square. 

Figure, 1 illus^trates the use of this method with the cross of a single trail— 
tallness. The sperm arc pure strain for dwarfness (tt) and the eggs are pure 
strain for tallness (TT). 

The first generation shows a probability of \ Tt in each square. This is 
because ^ of the bits for each parent are t and T. J x | is ^ for each offspring. 
Of course, all four squares are alike, so the. probability of a Tt offspring is 
4 X J, or 1. 

Figure 2 shows the cross of two first-generation offspring, each Tt. Each 
parent is thus J T and ^ t. ^ • ' 
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The .second generation shows n \ probability for TT (J T x ^ T) and \ 
probability for tt. There arc two ways that Tt can result, so the probability 
is 2 X J X J, or ^, This mcau^; that the probabilities are for 1 put of 4 to 
be TT, I out of 4 ib be tt. and 2 out of 4 (or I out of 2) to be.Tt. The * bu ' 
makeup (called genotype) of a TT. tt, or Tt is different But in appearance 
(called phcnotype) the TT and Tt, are tie same. (?^u.se of the masking of 
Ihc recessive trait, t, by the dominant trait, T So phVnotypjcally, the proba- 
bility is for 3 to be tall pnd I to be dwarf. 

When Mendel followed two features at The sffYnfc lime, as in Excursion 6-2, 
he tbund 13nce agatri"^^ prbliiabTnries ~\w ou~t in fr mannef~siniilaf to 
that for a single feature. 

The parents of the first generation were pure strain for smooth, yellow peas 
(SSYY) and wirinkled, green peas (ssyy) In Figure 3, two of the first genera- 
tion were crossed (remen)ber, all first generation were the same— smooth, 
yellow seeds, SaYy). ' * 
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Rgur« 3 

The probability of eacJi bit (S, s. Y. or y) \^\, Therefore, the probability 
of any one square is | X |, or When the phenotypes of all the squares 
arc totaled, we see thai there arc 9 chances in 16 for smooth, yellow seeds, 
3 in \6 for smooth, green. 3 in 16 for wrinkled, yellow, and I in^6 for wrinkled, 
green peas. 

Modern views show that MendeFs Conclusions were basically correct, but 
loo simple to explain all obscrvatiQns- For example, crossihg-ovcr may compli- 
cate application of the simple two-bit model. The bits of information from 
the parent for one feature may be exchanged with those for another feature. 
Or one bit may not be dominant over another, but instead the two different 
traits blend. The morning glory example in Chapter 7 and Excursion 
7-1 iUi/strat^ this. Alsb, research since Menders time indicates that there mqy 
be more than two bits for any given feature. ■ ^ 



GENETICS SINCE MENDEL 

A grcal deal of research has been done and countless books written on the 
subject since MendcP; time. Much of the terminology has changed * In the 
student tcj^t, howcvcr/terrn'inology has been kept to a mininni^m. You probabl^j 
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.should remind yourself thai ihis is not a course m genetics. T he text should 
be allowed to carry the student t*rrough the. development of a simple model 
for inheritance. Furi<Jamcntally, tnis is the two-bit model proposed by Mendel. 
4t Some teachers may l>ave a definite orientation and extensive training in 
genetics. Others may have varying amounts of expertise in the subject. There 
may be some whci would welcome an introduction to the modern terminology 
and concepts/not for the student's use, but for their own use. 

The twentieth century has seen the development of the concept of chromo- 
somes and genes. Chromosomes, sometimes referred to as the ''threads of lifc.*' 
are located in the cell nucleus. Their number varies with diircrcnt plant and 
animal species. They are paired, and in a. process called mitosis, each new 
cell that results from cell division receives a complete complement of chromo- 
somes, called the diploid number. HoAvevcr, in the process of formation of 
gametes, or reproductive cells, the chromosome number is halved, \vith each 
gamete receiving only one of rfach pair, called the monoploid number. This 
process is called meiosis. Wherf the male and female gametes (sperm and egg) ' 
unite, the chromosomes pair up again to the. full number. 

Genes, which correspond to the factors or bits of information in the Men- 
delian model, are .located on the chromosomes. If two genes affect the same 
characteristic of an organism in contrasting ways, and if a gamete cdn contain 
either one but not both of the genes, then the genes are said to be the alleles 
of each other. Alleles are situated at the same location (locus) on the same 
type of chromosome. 

Gene names are usually abbreviated, commonly with a letter of the alpha- 
bet. If the gene seems to mask its allele in the first generation, it is spoken 
of as^ominant. The masked allele is recessive to the dominant gene. By 
convchtion, the dominant gene is indicated with a capital (B), while the reces- 
sive is expressed by the same letter in lower case (b), 

It is not always possible to tell from the appearance of an orgahism what 
Its genes are. Therefore, it is often helpful to distinguish between the phcno- 
type of an organism (its appearance)* and its genotype (its genetic makeup). 
In general, BB and Bb organisms would be phenotypically indistinguishable, 
but woulA be geneticjilly different. — ^ 

If both^genes of a pair are the same allele (BB or bb), the organism is • 
said to be homozygous' for that feature. If the paired genes are different (Bb), 
the organism is described as heterozygous for the feature. Hybrid is another 
term for heterozygous, and pure strain represents the hornozygous condition. 
Because the genotype of an individual cannot always be determined by a 
study of its phenotype, th^* test cross (sometimes called backcross) is often 
helpful. In ^ test cross, th<^/ individual is crossed with another individual that 
is bomozygously recessive for the feature that is of interest. The nature of 
the offspring allows one to infer whetherHhe original individual was homo- 
zygous or heterozygous for the feature. 

Mendel did not postulate a connection between his bits of information and 
sex determination. Nor did he investigate certain characteristics that arc linked 
with the sex o^Jhe individual. Normally the inenibcrs of a pair of chromo- 
somes are similar in appearance. However, those in one pair, the X- and Y-, 
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or sex, chromosomes, arc easily distinguishnblc. In humans an XX individual 
is a female, while a male is XY. In oihcr organusms this arrangement may , 
be reversed. Varjous abnomialities mav be associated with unusual arrange- 
ments of sex chromosomes (XXY. XYY, etc.) 

In most cases it makes no dirtcrence whether the mating is^Bb j x bb 5! or 
bb ^ X Bb ?. However, there arc genes that do^not jjchave identically in 
reciprocal matings. Among these are the sex-linked geiifis. 
^ Sex-linked genes are located on the X-chromosome, Like most other chro- 
mosomes, the X-chromosonie is made up of many genes. However, the Y- 
chromosome seems to contain few if any genes. 

TTiu$ra scx^ t^y tts'^coomcrpart-irt - 

the same locus on the other X-chromosome. However, because the Y- 
chromosome is a genetic blank, there is no allele to interact with the sex-linked 
gene on the X-chromosome. 

Several human disorders arc known to be cau.sed by sex-Unked genes. 
Red-green color-Jt>lindness and hemophilia are two common examples. Both 
of these di^rders are much more frequent in males than they are in females. 
For example, in the United States the frequency of red-green color-blind men 
is about 1 in '12. The comparable figure for women is I in 144, 

Because ^ of United States males are red^green color-blind, we can assume 
that about ^ of the X-chromosomes bear the gene. For a female to be color- 
blind, she must Ifave two X-chromosomes with genes for color-blindness. (If 
she is heterozygous for the gene, she is merely a carrier.) Thus, for women,, 
^ of ^ (o^lil) h^yc X-chromosomes bearing the recessive gene for color- 
blindness. 

Another thing that Mendel did not investigate was the details of the c^ffect 
of environment upon the expression of inherited features. We now know that 
an individuaPs genes determine what be may become, but it is the interaction 
between genes and environment that determines what he does become. 

AN OVERVIEW 

The^study of heredity, especially as it relates to human features, holds a 
fascination for students of all ages. Most of the activities in thiS unit are 
simple and easily accomplished within the classroom. A few may be done 
at home. The activities will help students develop a simple and acceptable 
model to explain the basic pattern of inheritaace. 

The student begins by exajnining a .culture of fruit flies {Drosophila melano- 
gaster), TKe flies are a pure strain for curly wings^ or brown eyes. The student'^s 
flies are mated with flies of the opposite sex having a different expression 
of a feature (i.e., red-eyed flies are mated with brown-eyed flies, or s|ratght- 
winged flics are mated with curly-winged flics). ^ 

The first-generation offspring are compared with their parents. The student 
then designs anrcxperiment to produce second-generation oflTspcing by mating 
specimens of thq first generation. Fruit-fly generations take about two weeks 
to develop, 
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While waiting for the fruit flie^ to develop, the student studies the physical 
features of several generations of bean setds, pea seeds, and^ tobacco seedlings. 
For example, he scoops bean seeds from a bag to determine the ratio of one 
feature to another, and thereby discovers a pattern of inheritance. Then, given 
packages of peas, the student ukcs his model to predict the feature variation 
and ratios before opening the packages. I he pattern of inheritance he finds 
here helps him interpret the resijlts of his fruit-fly experiments. 

An imaginary organism — the ninscct — allows the student to conduct several 
hypothetical crosses and to follow thif inheritance of several features at a lime. 

features in humans. An either-or feature is one in which the trail is either 
present or absent in an individual, with rto possibihty of a partial occurrence. 
The taste test in Chapter 5 is an example. 

GENERAL INFORMATION 

Each chapter of the Teacher's Ediuon contains an equipment list for that 
chapter. The same is true for each oxcursion. In addition, the last page of 
each chapter alerts you to preparatiorts^Tr^cessary for the following chapter. 
Among the materials listed will be some items that must be supplied locally. 
These include white cards and straight pins for Chapter 1; bags and boxes 
for Chapter 2; envelopes, paper clips, and paper towels for Chapter 3; paper 
bags for Chapter 4; and boxes, rubber bands, and paper clips for Chapter 
6. In addition, there are the optional materials for Excursion 1-1, coins for 
Excursion 4-1, and paper towels and scissors for Excursion 7-5. You also need 
the jar containing motor oil for the disposal of discarded flies in Chapter K 

GET READY NOW FOR CHAPTER 1 

Although a few adults may be emerging, most of your fruit fl{cs shoii^ 
arrive in the pupal stage. Your first task will be to subculture them^his should 
be started when there arc from 20 to 30 adult flies in your cultures. To sul>- 
culture, place 5 males and 5 females from the same culture into each subculture 
vial. As flies become available, continue separann^ them until you have 
enough for your class requirements. Kee^via|/^in aUemperature rang)e of 
65°-80°F. Lower temperatures slow the life cyrfe, and higher temperatures may 
render the flies sterile. Refer to Excursion 1-3 for data oi^ the cff'ects of various 
temperatures. Label each vial with a # 1 in the lower r^ght-hand corner, the 
type of mutant in the tipper right-hand corner, and th^ date of transfer. Do 
not mix the cultures. Refer to the activities in Chapter I of the text for the 
handling techniques you should use. ■ ^ 

All the material dealing with fruit flies is in Chapter l! However, students 
cannot work through the materials consecutively. Instead; i^hey will go on with 
other ^hapters while the fruit flies from their crosses devel<j[p. Students should 
check their fruit ^flies daily. 
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A pupil's experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural world. During these years 
most youngsters become^ more adept at thinking conceptually. Since 
concepts are it the heart of science, itiis is the age a1 which most stu- 
dents first '^ain the abihty to study science in a really organised way. 
Here, too, the corAmithi^nt for or against science as an interest or a 
vocation is often made. ^ 

Paridoxically, the students at/hi§ ^critical age have been the ones 
least affected by the recent WonCto produce new science instructional ^-^ 
materials. Despite a numbeV of domMendable efforts to improve the 
isituation, the middlp years st^jjd today.as a comp^tiv^ly weak link in 
science ciducation between ^hWaWdly changing elementary curriculum 
and the recently revitalized hj^h school science courses. This volume 
and its accompanying materials represent one attempt to provide a 
sound approach to instruction for this relatively ^uncharted level. 
^ At the outsftt the organizers of the ISCS Project decided that it 
would be shortsighted and unwise to try^to fill the gap in middle 
school science education by simply writing another textbook. We chose 
instoad to challenge some of the most firmly established concepts 
about how to teach and ju^t what science material can and should be 
taught to adolescents. The ISCS staff have (endeA'to mistrust what 
authorities believe about Schools, teachers, children, and teaching until 
wc hayc had the cKance to test these assumptions in actual classrooms 
with real children. As conflicts have arisen, our policy has been to rely 
more upon what we saw happening in the schools than upon what 
authorities said could or would happen. If is largely because of this 
polidy that the ISCS materials represent a substantial departure from 
the rtorm. 

Th<5 primary difference between the iSCS prograrh and mor^ con* 
* ventional approaches is the fact that it allows each student to travel 



at Kis own pace, pnd it permits the scope and sequence of instructfon 
(o vary with his inlcrcsls, abihlies, and background. The ISCS wrifers 
have syyicmatic*!!)/ tried to give the student more of a role in deciding 
what he .should stUdy next and how spon he should study it. When the 
materials arc' used as intended, the iSCS teacher serves more as a 
"task eascr" than a "task master." It is his job. to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs to know. 

There is nothing radically new in the ISCS approach to instruction. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education. ISCS has tried to do something mpre 
than pay lip service to this goal. JSCS' major contribution has been to 
design a system whereby an average teacher, operating under normal 
constraints, in an ordinary classroom with ordinary children, can In- 
deed give maximum attention to each student's progress. 

The (^velopment of the ISCS material has been a group e/Tort from 
the outset. It began in 1962, when outstanding^ducators met to dpcide 
what might be done to improve middle-grdde science teaching. THe 
recommendations of these conference;^ were converted into a tentative 
plan for a set of instructional materials by a small group of Florida 
State University faculty members. Small-scale writing sessions con- 
ducted on- the Florid^i State campus during 1964 and 1965 resulted in 
pilot curriculum materials that w^re tested in selected Florida schools 
during the 1965-66 school year. All this preliriii^ary work was sup- 
ported by funds generously provided by The Florida -Stale University. 

In June of 1966,- financial support was provided by the United States 
Office of Educatioh, and. the preliminary effort was formalized into 
the ISCS Project Later, the National Science Foundation made sev- 
eral additional grants in support of the ISCS effort. 

Tije; 6rst draft of these materials was produced in 1968, during a . 
simimer writing conference. The conferees were scientists, science 
educators, and junior high school' teachers drawn from all over the 
United States. The original materials have been revised three thnes 
prior to their publication in this volume. More than 150 writers have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in their field testing. 

We sincerely hope that the teachers and students who will use this 
material will find that the great amount of time, money, and effort 
that has gone into its development h^s been worthwhile. 

Tallahassee, Florida The Directors 

February 1972 intermediate science curriculum study 
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Notes to the Student 



The word science ipcans'a lot of things. All of the meanings arc "right," * 
but none are complete. Science is many things and is hard to dc-- 
scribe in a few words. 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you the$e things instead of 
describing them with words. The book describes a series of things for 
you to do and think about. Wt hope that what you do will help you 
learn a good deal about nature and that you will get a feel for how ^ 
scientists tacjklc problems. ' ' t 

How is this boolc different from other textbooks? 



''This book is probably not like your other textbooks. To make any 
sense out of it, you must work with objects and substances. You should 
do the things described, think about them, and then answer any qucs- 
I . ' \^ tions asked. Be sure you answer each question as you c6mc to it 

The questions in the book are very^ important. They are asked for 
three reasons: 

' ^ ^ ' 1. To help you to think through what you sec and do. 

2. To let you know whether or not you understand what you've done. 

3. To give you a record of what you have done so tl^at you can 
use it for review. . , . 

N6w Will your class tHi organized? 

. ^ Youi^ science class will probably' be quite different from your other 

classes. This book will let you starts woilc with less help than lisual 
i from your teacher You should begin each day's work where you Itft 

J. . off'the day before. Any cquipfnent and supplies^necded^will be wait-' 

vlll ing for you. ' 
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Yolir teacher will nol read to you or tell yau the things that you are 
to learn. Instead, he will help you and your classmates individually. 

Try to work ahead on your own. \( you have trouble, first try to 
solve the problem for yourself. Don't ask your teacher for help until 
you really need it. Do not expect him to give you the answers to the 
questions in the book. Your teacher will try to help you find where 
and how you went wrong, but he will not do your work for you. 

After a few days, some of your classmates will be ahead of you and 
others will not be as far along. This is the way the course is supposed 
to work. Remember, though, that there will be no prizes (or finishing 
flnt. Work at whatever speed is best for you. But be sure you under- 
stand what you have done before moving on. 

Excursions are mentioned at several places. These special activities 
arc found at the back of the book. You may stop and do any excursion 
that looks interesting or any that you feel will help you. (Some ex- 
cursions will help you do some of the activities in this book.) Some- 
times, your teacher may ask you to do an excursion. 

What am I expected to learn? ^ ^ 

During the year, you^will work very much as a scientist does. You 
should learn a lot of worthwhile information. More important, we 
hope that you will learn how to ask and answer questions about 
natare. Keep in mind that learning hbw to find answers to \uestions is 
Just as valuable as learning (he answers ihentselves. 

Keep, the big picture in mind, too. tach chapter builds on ideas 
already dealt with. These ideas add up to some of the simple but 
powerful concepts tnat are so important in science. If you are given a 
Student Record Book, do all your writihg in it. l>o not write in this 
book. Use your Record Book for making graphs, tables, and diagrams, 
too. * 

From time to time you may notice that your classmates have not 
always given the same answers that you did. This is no cause for 
worry. There are many right answers to some of the questions. And 
in some cases you may not be able to answer the question^. As a 
matter of fact, no one" knows the answers to some of them. This may 
seem disappointing to you at first, but you will soon realize that there 
is much that science does not know. In this course, you will learn 
some of the things we don't ^now as well as what is known. Good luck! 



/ • 

20 



EQUIPMENT LIST ' ^ 

P«r student 

3 plustic vial3. with caps 

1 fruit-fly culture 

1 dropper bottle of other 

^ etherizer (consisting of an aluminum funnel. 

30 cm string, and a 50-ml plastic boaker) 

Red Eyes and 
Curly Wings 



Excursions 1-1, 1-2, 
to this chapter 



1-3, and 1-4 are keyed 



1 while card 
hand lens 
small brush 
petrl-dlah lid 
straight pin 
Q fly food 

20 cm masking tape (or 3 label^) 



Chapter 1 



CHAPTER EMPHASIS 



The student uses fruit flies In following traits 
for genetic inheritance through succeeding 
generations The chapter sets the stage for 
the whole unit and serves as the vehicle for 
applying a simple model in genetics. 



Has anyone ever tcjld you that you look like your father? 
or your mother? or your brother or your sister? Possibly 
someone v|ias, because parents usually pass along sdine of 
their features to their children. ^But how does this happen? 
Just how can a pnrent send a message like 'Torm blue eyes" 
to an unborn child,? What color eyes cif5t:s the child end up 
with when the mes5age from one parent says 'Torm blue 
eyes*' and the second parent's message says '"Form brown 
eyes"? 

In this unit you will try to answer questions like these. 
In it you will compare the features of parents with those of 
their offspring. You will breed flies, study beans and peas, 
and look closely at some of your own features and those of 
your friends. 

The two big questions in this unit that yofi will try to 
answer are these: 

1. Is there ^ny pattern to the way features are passed from 
parents to their offspring? 

2. What kind of model will explain how features are 
passed from parents to their offspring? 



MAJOR POINTS 

1 Organisms generally have many features In 
common with their parents. 

2. There seems to be a pattern to the passing 
of features from parents (o offspring. 

3. Careful experimentation aids the study of 
inheritance of features 

4. The study of inheritance of features is fa- 
cilitated by using a systems approach 

5. Fruit flies may be anesthetized with ether 
for observation and handling 

6. The term pure strain is explained and op- 
erationally defiried. 

7. The life cycle of the fruit fly requires about 
two weeks, 

8. The stages in the life cycle are egg, larva, 
pupa, and adult. 

-9. The male and female of the adult fruit fly 
differ In appearance 

10. Male and female fruit flies with different 
features can be mated. 

11. The two-bft model helps explain how fea- 
tures are passed from parents to offspring. 

12. The science that studies inheritance is 
known as genetics. 



For the next few weeks, you will breed and observe insects GROWING FRUIT 

called fruit flies. Much of what we know about how features ^ PLiES 

arc passed along has come from studies of fruit flies. Your 

problem is to compare the features of parent flies with those 

of their ^'children" and 'grandchildren" Getting the 

**grandchildrcn" will take about four weeks because it takes 

fruit flics about two weeks to produce oflspring. 





Excursion 1-1 is short -find should be done by 
most students to bring them to a minimal level 
of understandmg of some terms used In the 
unit 



You should have the label on Vial ^ 1 ahead 
of time. Each vial sNould be labeled with a # 1 
In the lower nght-hand corner, the type of 
mutant strain In the upper nghl-hand corner, 
and the date of transfer. 



\ 




To ensure that a suitable supply of variants 
Is available tor student crosses, alternate be- 
tween types of flies as you distribute cultures 
to the students. 



Notice that the students shoulc^ork in pairs 
Also note the time caution. Timipg anc^sched- 
uling are very Important In this unit 



To fully understand what you will do, you need lo kno\v 
how plants and animals reproduce. To find out if you ^o, 
answer the following checkup questions. 

CHECKUP 

> 

1. What is a "sperm"? 

2. What is an "egg"? 

3. What happens when a male animal and female animal 
"mate"? 

A - 

4. How do plants produce seeds? ^ 

Check your answers by quickly reading through Excursion 

- ' ' i" 

ACTIVITY 1r1. Pick up a #1 vial. The vial should contain 5 
or 6 fruit files. Write your name, your class, and the date on 
the vial*s label. Do not remove the cap yet. 



DAVID BROWN 

CLASS 4 
9-13-72 *1 



Note Take good care of your fiies. The flies in vial #7 are 
yours alone. You must keep {hem alive and healthy for the 
next four weeks. 

Before you can study the features of your flies, you will 
have to know how to slow them down^withoiit hurting them. 
You^lso must learn how to tell male flies from female flies 
and how to prepare food for the flies. The next few activities 
will teach you these things. Work on these activities with a 
partner. 
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Time Caution' Do not^egin the next activity unless you have 
at least 30 minutes of class time left, - 



\ 



It's pretty hard to sec the features of fruit flies in your vial 
because they move so fast. It's fairly easy, however, to slow 
down the flics without kiUing them. You just put them to 
sleep with ether Be sure to follon' these direcfions carefully. ' 
Too much ether Will kill your flies. 

Caution Ether is not dangerous w hen used prop erly, but: 
1. Be sure there ar^ NO flames in your room, ^ EtJier fumes 

can be explosive. 
Z Air should move through your room easily. 
J. Keep the ether bottle capped when you aren V using it, 
4. Don't breathe, the ether fumes yourself 

To learn to slow fruit flies, you will need your vial #1 
and these materials: 

I plastic bottle*^ containing ether 

1 ctherttcr (made from a funnel, string, and a 50-ml plastic 

beaker) 
1 white card 
1 hand lens 
1 small brush 
1 pctri-dish lid 

If no finished etherizer is available, you will havq to build 
your own. Activity 1-2 shows how to do this, and Activities 
1-3 through 1-7 tell you how to use it. 

ACTIVITY 1-2. Build the etherizer as shown. Be sure to bend 
1^ end of the funnel outward. 



USING A 
TLY SLOWER • 



FOLLOW ALL 8 SAFETY RULES 

5. Keep very small amounts of ether In the 
dropper bottles, A level^of 1 cm of ether is 
Ideal 

.6. Be sure there are no pilot lights In the 
room, 

7. Insist on the dropQer bottles being on the 
supply table when not in use. 

8. Provide adequate ventilation. 



Some teachers prefer to construct the ether- 
izers themselves. Others allow students to do 
It. A plastic pen. a pencil, or a piece of }-inch 
dowel can be used to make the flair in the 
funnel. 



B«nd out the end 
of tf)6 funnel stem 
with a pencil. 



Wrap string and tl6.« 




CHAPTER 1 
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ACTIVITY 1^3. Add 3 or 4 drops of ether to the string. W 
medjaWly place the funnel In th^ 50~ml beaker. Turn the funnel 
and beaker over on the table- 




Add 3 or 4 drops of ether. 




ap gently on book 



ACTIVITY 1-4. Gently tap your vial #1 on a book to knock 

all the files to the bottom, o. . . 

stress the importance of care In handltog the 

tlios Your supply is limited, and accidental 
release, drastic temperature change, or 
over-ethoniing can be a serious setback. In 
an emergency, you might be able to obtain 
flies from local coHqges, universities, or high 
schools.- • 




ACTIVITY 1-5. Tap the vial whenever necessary to keep the 
flies near J[he bottom. Quickly remove the cap fromjhe vial 
and set the etherizer over the opening as shown. 



Continue tapping and 
place etherizer 
over the vial. 





After \h9 students have etherized their flies In 
Acclivity 'l '7. they should put the funnel and 
rjejlKer some place where Ihc fumos will not 
^lttu»# Into the room You might warU to use 
a widemouthed |ar (pickles, mayonnaise) with 
a screw cap Students could bo u^structed to 
return the funnel and beaker to the supply 



ACTIVITY 1-6. Quickly tip the two containers as shown. Tap 
th# vial gently until all the flies drop Into the beaker. 



table and put them Inside the jar. This would 
have the added advantage oT making the 
etherlrors available to other students. Of ^ 
cou(^se. if you h&ve a vented fume hood or * 
other type of ventilation to the outside, it can 
t>e used. 




ACTIVITY 1-7. Replace the cap on the vlal and set It aside. 
Put your finger over the opening In the funnel to trap the ether 
lumee. As soon as the lllea stop moving, remove the funnel 
MMl pour the files onto a white card. Warning! Do not over- 
elherlze your files qr they will die. 

You can tell if youVc overetherizcd a fly by its out- 
$trctchcd wirtgs. If you kill any flies, get rid of them. Your 
tcaclicr will tell you where to put dead l^cs. 

Figure 1-1 

Do your aies twitch? Flies often twitch during sleejp. So 
don't worry if one moves. But if a fly should start to walk, 
place a dr6p of ether on the card hear the fly. Then cover 
' the drop and the fly with the lid of a petH 'dish for a moment 
until the fly go6s back to sleep. 




P««d tty 




Eth«Hz«d fly 
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CHECKING 
YOUR FLIES 



1 -1 ,a. Straight or curly: th« curly wings do not 

lie iUx against the body of th^ fly 

b. Red or brown (Brown eye is often called 

"Wpl*/') 

C- Light brown, with darker stripes around 
lower body 

d. Seven, or less, stripes 

e. Wing size may vary Mpst other variations 
are too small to be readily seen with the hand 
lens. If the student finds a unique variation, 
you mi^ht let him try a cross with the variants 
as a special problem bi'^H^ 



Study your flies with a hand lens. If you need to move them, 
do so gently with the aid of the small brush. 

□ 1-1. Describe ^your fruk flies. List at least five features. 

a. Shape of wing 

b. Eye color 

c- Color of body 
d. Pattern on body 
Other features 

□ 1-2. Are all your flies alike in each feature, or ffb the 
features vary from fly to fly? 



1*2, Each student's files should be alike, be- 
cause all the flies In each vial are of one pure 
strain Hopefully, student's will see the differ- 
ences between male and female files, how- 
ever. 



LooW closely at the tail ends of the flies. You will find that 
they are not all alike. Separate the flies into two groups on 
the basis of the shape of their taiKends. If you separate them 
correctly, one group will contain only male flies, and the 
other group wjll contain only females. Male flics have a tail 
end that is blunt ana definitely black, f emiale tails are lighter 
and more pointed. 
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□ 1-3. Study the two groups closely. Then list any other 
difl^erences you find between males and females in Tabic 1-1 
of your Record Book. Re turn all flies to vial :|^1 when you 
are through studying them.) 
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Pcmalc 



Dcrtniic black tail, cnJ 


Lighter tail end 


Blunt cnil end 


Pointed tail end 



















Table 1-1 Tho student may nole a difference 
in 3IZ0 between male and female. Body and 
wmgs of the male lend lo be amallor ihan 
those of the female fly. There are other ob- 
servable differences, such as ttie sex comb 
on the male It rs sometmies quite difficult to 
distinguish the sex of very young flies, afnd 
you may have to help students. One ^tray 
male In a vial can negate tho crossing experi- 
ment 



TM>I« 1-1 



To do many of the activities in this unit, you must be able 
to tell the sex of flies. Before going on, be certain that you 
can tell the difference between male and female flies. Figure 
1-2 will help you do this. You may also want to check with 
your teacher on this. 

" » ■ - 

Flgura 1-2 




Now you are almost ready to mate (cross) some of your flies. 
Before you do, though, you should know that not everyonie 
in your class has flies with the same features. Sortie people 
have flics with red eyes, while others have brown-eyed flies. 
Also, some flies have straight wings arid some have curly 
wings. Compare your description of your flies (question 1-J) 
with your classmate's descriptions. Find a partner whose flies 
differ from yours in eye color and wing shape, 
- — . 4 

□1-4. Describe exactly how the features of the two sets of 
^^fljps differ by completing Table 1-2 in your Record Book. 

- 2s ■ ' . 



Vontrnl view of 




maM abdomon 

I 

Veoiral view of 




Note that the partner called for in this case 
is no^neces$anly the same as previously. This 
case calls for one person to have straight- 
winged, brown-eyed flies, the other person to 
havVi curly-winged, red-eyed flies. 
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Features 


YouV-^ial it 1 


Pflrtncr*s Vial # 1 


Shape of wings ' 






Eye color 
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T|ibl# 1-2 



This. explanation of 0ure strain is important 
To^l^ier with FiQ^''® ^-3 should give the 
student the necessary understanding to make 
the operational definition on the next page As 
given here, it implies that there must be no 
variation in several generations Note that the, 
two pure strains illustrated consist of curly- 
winged, red-eyed flies and straight-winged, 
brown (sepia) - eyed flies * 



You will read the term pare strain a lot in this unit. Here's 
what it meank. When two flies from a pure strain for red 
eye color are mated, -all their oflTspring will have red eyes. 
If two of these offspring are mated, then their offspring also 
will hfive red eyes. Similarly, the parents and grandparents 
of* the pure-strain flies , had to have red eyes, (See Figure 
1-3.) In a nonpure strain of flies, other eye colors might show 
up in the offspring. 
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FIgura 1-3 



Pure Strain 1 



Pura Strain 1 



Qreat 

Orand" 
pa rents 



Grand- 
parent* 



Paranta 



Children 



All 

future 
offaprlnQ 



Red eyes 
Curly wings 



Red ayes 

Curly wings 



Red eyes 
Curly wings 



Red aye* 

Curly wings 



Red eyes 

Curly winge 




Brown eyes 
Straight wings 



Bibwn eyes 
^raight wings 
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Brown eyes 
Straight wings 



Brown eyes 
Straight wings 



Brown eyes 
Straight wings 



ni-S^ Give an operational definition of pure sfroin. 

If have forgotten what an operational definition is and 
hbwtb write on<^ iiim to Excurtfon 1-2, 

□ Suppose you mated a red-eyed, curly-wingcd fruit fly 
with a brown-eyed, long-winged fruit fly. If both flies are 
from a pure strain, what color eyes and what shape wings 
do you predict that the offspring will have? 

Shortly you will test your prediction. To make the test, 
you win mate some of your male flies with a classmate's 
female flics (or vice versa). Then you will compare the fea- 
tures of the offspring with those of the parent flies. Figure 
M shows the plan. 



1-5 From tho procoding o.xpianation pura 
strain could be opomtionaliy befinod as a 
strain with a feature that has ??hown no varia- 
tion over sevoral generations ExcursJOn *N2. 
keyed hero, con f)olp with !he dofimtion 



1-6 Accept any answer here The student 
really does not have adequate evidence Or 
experience to anticipate the features of the 
offspring Later he will be able to check hi$ 
prediction against his own experimental find- 
ings. 




M«1« files 



Your _ 
pure strain 
flies 



Figure 1-4 





F^emale files 













































A classmate's 
pure strain 
files 



Offsprino 



When you put yoXjr flies with your claEsjpiate's flies of the 
opposite sex, you h(\pe they will mate and produce offspring. 
But suppose the female flies had already mated before you 
put the flies together. Then th« parents of the ofl^spring 
produced would be from the same pure strain, not from two 
diflfcrcnt pure strains (yours and your classmate's). 

□ 1-7. Spppose this happened. What do you predict the 
offspring would look like? 



MATING YOUR 
FRUIT FLIES 



Fortunately, female fruit flies cannot mate for at least ten 
hours after they hatch. So if you select, for your experiment, 
female flics that have ♦been adults for less than ten hours, 
you can be sure that they have not mated. Such flics are 
called "virgin females.*' 



CHAPTER 1 9 



30 



J 



Nbte the Italics regarding teacher help. Note 
also that the mating times In the first column 
of the Ctearing Chart, Table 1-3, are all for 
Thursday With the average life cycio of the 
fruit fly being 12 to 13 days, this affords a 
better probability of adult flies appearing on 
a weekday. (However, the life cycle can vary 
greatly, depending on temperature. See Ex- 
cursion 1-3 for details.) Then the next cross 
can be started with virgin female? on a week- 
day also. However, the clearing chart can be 
written for any day of the week if you are 
willing to clear the vials between 5 and 10 
hours after the adutts appear, on whichever 
day this occurs This might entail clearing the 
vials on a weekend. 



First you need to clear your vial and your partner's vial 
of all female flies that may already have mated. Activity 1-8 
will show you how to do this. But before you do the frame, 
you need to check your timing. 

The trick is to clear your vial and your partner's, five to 
ten hours before you plan to cross flies from the two vials. 
Ask your teacher for help on timing this correctly. Table 1-3 
will help you and your teacher to plan properly. Do not try 
to plan your clearing time without your teacher's help. 

Tnh\m 1-3 

CLEARING CHART 





You must clear ihc female from via! #1 


If you plan your 






mating to swirt at 


— no earlier \han 


— no later than 


7 A.M. * Thurs. 


9 P.M. Wed. 


2 A.M. Thurs. 


8 A.M.* Thurs. 


10 P.M. Wed, 


3 A.M Thurs. 


9 A.M. * Thui^. 


n P.M. Wed. 


4 A.M. Thurs. 


10 A. ML* Thurs. 


12 P.M. Wed. 


5 A.M. Thurs. 


M A M^ Thurs. 


1 A.M. Thurs. 


6 A.M. Thurs. 


12 A.M.* Thurs. 


2 A.M- ThurSc 


7 A.M. Thurs. 


1 P:M. Thurs. 


3 A.M. Thurs, 


8 A.M. Thurs. 


2 P.M. Thurs, 


4 A.M. Thurs. 


9 A.M- Thurs. / 


3 P.WL Thurs. 


5 A.M. Thurs. 


10 A.M. Thurs. 


4 p. M.^ Thurs. 


6 A.M Thurs. 


1 1 A.M. Thurs. 



^ If your class meets during one of the starred hi{urs, you will probably have 
to do the clearing at home. 



When the clearing tiine that you and your teacher have 
planned arrives, go ahead with clearing your vial and your 
partner's. Activity 1-8 will show you how clearing is done. 



These new vials of flies that are returned 
you (step 7) are pure-strain flies and are suit- 
able for use by other students. However, re- 
member that the females may not be virgtri 
flies. . ' 
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ACTIVITY 1-8. Five to tetj hours belore your planned mrtlnfl^ 
you >hould do the following: 

1 . Uncap an empty vlaK 

2. Tap vial #1 until the flies are on the l>ottoni. 

3. Uncap vial #1. QuiQkly turn the empty vial over tlie 
opening. — _ 

4. Tap the sida of vial #1 until all the flies fly into the empty 

v**i- 

5. Quickly recap the new vial. 

6. Recap and k^ep vial #1. 

7. Give the new vtal of flies to'ydur teacher. 



\ 




Tap vial #1 until adults 
fly Into th« fympty 
vial above. 




QiVa ihm new vial 
to your teacher. 



If your cla^ meets early in the morning, you may have 
had to take the vials home to do tk^ transferring there. Jf 
you do this, return the new vial to your teacher the next 
morning. 

In the food material at the bottom of vial # I arc fruit 
flies at various stages of their life cycles. New adults should 
hatch within five to ten hours. These are the flies you will 
use for your mating experiment. If you have to wait for new 
adults, go ahead with Activity 1-9. Then read ahead in the 
next section, ''What Happens Next?'' to learn about the 
details of how fruit flics develop. 

Before you begin your mating experiment, you need to 
prepare vial #2 containing fly food. To do this you will need 
these items: 

1 clean c^pty vial with cap 
1 straight pin 
1 50-ml plastic beaker 
1 packet of fly food - ^ 



ACTIVITY 1-9. Add 6 ml of food and 4 ml of water to the 
plMlic vial. Add to this vial (vial #2) a lalMl with yournam«, 
yfour ciMt, and tha^dat*. 




3i 

0 




ACTIVITY 1-10. Let the fly food ttand a few minutes to absorb 
the water Then tap the vial gently to settle the food. 



ACTIVITY 1-11, Cut a thfh strip of paper tfnd push onm wid 
Into th« fly food. ^ 



Push one end 

Into th« fly food. 

The paper wjll Absorb excess moisture, which 
could drown the files. 




Make 25-30 amall holes. 
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ACTIVITY 1-12. With th« straight pin, punch 25-30 snwil air 
holes In the vial cap. Warning: Do not make the hplet big 
enough to let the fll«a out. ' 



You arc now ready to mate some of your female flics with 
a cliuysmate's males (or some of your males with a classmate's 
females). Remember that your partner must have flies with 
different eye color and wing shape than yours. You will each 
need these things: 

1 vial # I (from which all adult flics were removed 5 to 

10 hours before) 
1 vial #2 containing food 
1 f then% 
1 white card 

1 petri-dish lid. ^ 
I brush 

Before going 6n, you and your partner should review the 
directions for etherizing fruit flies in Activities 1-2 through 
1-7, When adult flies appear in the two vials #1, go ahead 
with the following activity frames, 

Not# Activities 1-13 through 1-16 should be done BEFORE 
your newly hatched flies are ten hours old. Furthermore^ they 
should be started in midweek unless the plan you worked out 
with your teacher calls for you to work on the weekend! 

ACTIVITY 1-13. Eth«rlz« the adult HIm In your vial #1 and 
plac« tham on a whita card. 



The mating must be done before the adult 
tiles are 10 hours old. You cannot be sure that 
the student will have five flies of each sex in 
vial ^^ by this time. He should go ahead on 
Activities 1-13 through 1-16 with whatever 
number he has. More can be added later as 
long as they have not been adults for more 
than 10 hours. 




4' . 



Curly-winged males should not be u5orj v^^th 
strnioht-wlngod females bttcauhc v^^ p^^^r 
tlylJig Charncteri^tJCB of the mnle make n^^it"r^g 
difticuH or Impossible 

5 curly-winged female flies 
(They will h«v» red •/••.) 




ACTIVITY Place In the cap of vial #2 flv^ of your curty- 
winged virgin female file* and five of your partner'a atratght- 
winged male filet, (Do no! try to mate curly-wlnyad malea with 
your atralghtad^wlnged femalea,) 



5 straight-winged male flies 
(They will have brown eyes.) 




Cap from vlaf #2 

■> 

ACTIVITY 1-15. Preas vial #2 |nto Ita cap. Be careful not to 
harm any filea In the proceta. Leave the vial upalde down until 
the fIlea wake up. 




ACTIVITY 1-16. Return any of your (not your parlnar'a) un- 
iiaed fliea to the cap of vial #1. ^reaa vial #1 Into thla cap* 
Leave upalde down until the fIlea wake up. Return vial #1 
\<y your teactwr. 



Cap ffom vial # 1 




Make a smaller label like the one shown in Fig. 1-5. Re- 
place the label on vial :x?:2 with this new one, WriieThe same 
information in Fig. 1-5 of your Record Book, Under Feature, 
you should write either the eye color (brown or red) or the 
wing shape (curly or straight) of your flics. 
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Activity 1-16 directa the student to return un- 
used files from vial t to you If caro has 
boon taken in handling, these will stiM be 
pure-strain fhes Howovor. from Ihi:^ point on. 
discarded Hf05 well bo crosses, and you 
should dispose of them A simple means of 
disposal is as follows Use any half-pmt milk 
OOltle or widemouthod jar with screw cap Put 
Into It 3 cm of motor oil (new or used) and 
close with the cop or a cork. Fhes to be dis- 
carded are simply dumped Into the container. 



Mating: 



Sex 

Your Name: 

Dale: ^ 



Fcaiurc 



Sex 



Tea Hire 



Class Section: 



Vial #2 



Depending upon the temperature ol your classroom, it will 
be ten to fourteen days until the parent flies in vial rfirl 
produce adult ofl'spring. During that period they will go 
through ;what is called a life cycle. The stages in that lite 
cycle arc outlined below. 

Soon after mating, the female fly will lay tiny white eggs 
on the food in vial #2. If you look closely with a hand lens, 
you will be able to see the eggs. They look like those in A 
of Figure 1-6. 



/ 

WHAT HAPPENS NE)^T? 

The allowable temperature range Is 65^F to 
QO^F. If temperatures above or below these 
figures are anticipated m the classroom, spe- 
cial arrangements should be made for storing 
the flies as they go through the life cyclcf. 



20 X ||f« size 



FRUIT FLY LIFE CYCLE 



8 X life size 



Figure 1-6 




0 



Fruit Ry Pupa 




0 




3 X life size 



7 X life size 



About six days after mating, small wormlike creatures 
called larvae will come out of the eggs. You will see them 
crawlirijg through the food. They will look like the drawing 
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As larvae work the modfiim. H becomes wetter 
and mu«hier\ Excess moisture may develop to 
the point thahthe risk of drowning the fiio^ is 
Increased If' the paper strip becomes too 
damp. It may have to be replaced by a new 
dry piece Extreme care should be u^ed to 
avoid injury to the fly culture. 



Fly cultures should not be kept m a refrig- 
erator, near a radiator, or in direct sunlight. 
In extreme cases. It has been found that ants 
or other msects may be attracted to the fly 
medium A cloth moistened with insect repel- 
lent can be used to wipe the culture storage 
area Do not let chemicals come in contact 
with files or media Another method of pro- 
lection is to sot all culture vials on blocks in 
a pan of shallow water. 

tn using the Instant fruit-fly medium for food, 
mold IS not generally a probiem However. If 
mold becomes excessive in the vials, dispose 
of Ihe medium. Generally the activity of larvae 
helps to keep mold growth to a minimum 



in B of Figure 1-6. When you see larvae, you should remove 
all (he adult fiies from vial #2. Acfivity J-8 will show you 
how to do this. 

When the larvae are about two or three days old, they 
will begiirt to move up the side of vial #2 and form a shell 
around themselves. When the brown shell is complete, the 
fruit flies arc called pupae. Pupae look like C in Figure 1-6. 
They will be easy for you to find because of tl'icir brown 
color 

Some time between the tenth and fourteenth day after 
mating, the pupae will split open and out will come the adult 
offspring that you want to study. 

Here's a schedule (Table 1-4) for the next couple of weeks. 
It tells you what you will; see in your vial and what you 
should be doing for the experiment. Keep in mind that not 
all fruit flies develop at the same rate. The Time column 
in the chart will probably not be exact for your flics. You 
should be at the Day 2 point right now. 



Table 1-4 



Time 


Event 


Day 1 


Vial #1 cleared of adults 
Vial #2 prepared 


Day 2 


Males and virgin females put in vial #2 


Day 8 


Larvae appear 
ALL PARENT FLIES 
REMOVED 


Day 10 


Pupae appear 


Day 14 


Adult offspring appear in vial #2 



KEEP TRACK OF 
YOUR FRUIT FLIES 
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Your teacher will tell you where to keep your flies while you 
wait for them to develQ[3. While you wait, you will be doing 
other activities. But you are to check your vial every day and 
keep (rack of how the life cycle is coming along. A chart like 
Table 1-5 is in your R<;cord Book. You are to rccordT the 
date on which you observe or do the things listed on the 
chart. - . ^ g 



FIRST-GENERAPION PCaNNING CHART 



Evcni 




Viol ^^fid^arcd of adults 




Vial #2 prepared 




Males & virgin females put 
in vial #2 




Eggs obvM^rvcd 




Larvae observed 




Parent flies cleared from vial ^2 


✓ 


Pupae observed 




Adults observed 





TabI* 1-5 

While you wait for your fruit flies to develop, you should 
go on with Chapters 2 and 3. But befor^you do, quickly 
read through the rest of this chapter. ^ 

This wiU give yoji an idea of the things that you must do 
for the fruit-fly experiment. If yOu have any questions about 
the chart or the rest of this chapter, discuss them with your 
teacher now! r 



Whll« awaiting fruit-fly development, students 
flo on to ^he succeeding chapters. You will 
n—d to have the materials prepared tor them 
in advance. Check the teacher notes. GET 
•T READY NOW, at the end of aach chapter. 



Right how ... 

Check the first-generation planning chart (Table 1-5) in 
your Record BqOk and put a date next to anything you have 
already done oir seen. 

When your larvqe appear in vial 4^2 you should: 

1. Record the day in the first-generation planning chart, 

2. Follow the directions in Activity 1-17 for clearing the 
vial of adult flies. 



Be sure that (he student checks the vial each 
day, and records the dates in Table 1-5. 



It would be wise for you to keep an extra 
supply of curly-winged females and straight- 
winged males for unexpected needs. The fe- 
males should be placed In a vial with fresh^ 
food when they are less than 10 hours old. 
The males should be placed In a separate vial 
with food. 
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ACTIVITY 1-1 7. Remove the parent t\\M from via! #2 by follow- 
ing the directions given In Activity 1-8: 

Don't forget to enter in your pl^inning chart the day that 
you first notice pupae in your viaL Pupae are browjh objects 
that usually slick to the. side of the vial. 

When new adults^ appear in vial #2 you sfiould: 

L Record the day in your first-generatidh planning chart. 
2. Do the activities from here through page 20 at once. 

ACTIVITY 1-18. When you have 20 or more off$pring, etherize 
and Qbserve them. Record In Table 1-6 either the file*' eye 
color or their wing shape. (See Figure 1-5-) Record aleo the 
number of files that show the variation. 



All the first-generation otfsprlng^ould have 
red eyes and siraight wings. In other words, 
they will resemble one parent In one feature 
(red eyes) and the other parent In the other 
feature (straight wings). But if you follow the 
directions of observing either eye color or' 
wing shape, then the first generation will re- 
semble one parent or' the other. 



Table 1-6 
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Eye Color or Wing Shape 


Number of Flics 
























1 
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□ Summarize the results of your experiment in Tftblc 
1-7 of your Record Book. 

T«bl# 1-7 





Fcfturc Variuiion 




{Sfa(f evf-cohr or w{nf^-:shap^ variation.) 


Pn rents 




iFint-gcncrationi 




oflHspring 





□ 1-9, How well do your results agree mth your prediction 
in question 1-6? - ^ 

□ 1-10. How does what you saw wath fruit flies compare with 
what you strw with beans and peas (Chapters 2 and 3)? 



1-10. This 18 Ifc good checkpoint. With 
pea*, or beans. If you consider one feature 
only, the flrat-gi^neratlon offspring should all 
b% like one' parent or the qther. 



Compare the length of the life cycle described in your 
ftrsl-gcncr&tion planning chart (Table 1-5) with' the times 
found by some of your classmates. Did everyone in the class 
have the same life-cycle time? If not, what do you think may ^ 
have influenced ihe length of the life cycle? You might want ^ / 
to try Excursion 1-3. You will discover one possible answer ^ -IXiilJ Jtv! v^]^! 
therp. 



Excursion 1-3 Is a short discussion on the 
effect of temperature on the life cycle of the 
fruit fly. 



01-11- Next you will mate some of your mftlc offspring with 
some of your femal<> offspring. Predict what you think their 
offspringwill look like. If you predict that you will get more 
than one kind of fliy, what number 4?f each kind do you 
cx^pcct? 



1-11. The student is again asked tOvpredict 
without experimental evidence. Accept any 
answer. 



r Rcci 



In your Record Book, describe the way you plan to do the 
cross between male and female flies from vial #2^, The 
procedure ,sl)Ould be Veiy much the samC^as the one' you 
followed in your first cross; so you can get some clues by 
reading back over what you d^d (pages 9-1 IX *f you have 
trouble, ask yo>ir teacher or, a classmate for help. 

When you have dcscribeci your plan, discuss it with your 
teacher. When he approves, go ahead with the experiment. 
Once again, keep track of the days when things happen and 
when you do things; Do this in th© sccond-gcrteration plan- 
ning ch^rt in your Record Book (Table 1-8). 

. \ X.' 
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ANOTHER GENERATION 
OF FLIES 



r^ote that the student la Instructed to get your 
approval of pl^n for second-genajration 
breeding. If this plan calls for .crossing other 
than first-generation flies, you mu^lS^^Cifle 
wKether to let him go' ahaad with It and fiSce 
the consequences of Interpreting -the results. 
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Thi$ \% another important, table As fx© ob 
Serves his culturd d^Hy. the student should t>« 
sure t^ record the dates 



Sl-COND GtNLRATlON PLANNING CHART 



hvcni 


Date Done or Observed 






Vial # 3 prepared 




Mnlcs &. virgin females piH in 
' vial 




Eggs observed 




Larvae observed 




Parent flies cleared from vial #3 




Pupae observed 




Adnlis observed 





Continue with later chapters while you wait for your 
second-generation flies to emerge. Observe your vials of fli^ 
daily. When the second^generation flies appear, return to this 
chapter and complete the next section, 



Note Do not go on fo (he next sectionmntil yowhave at leas^t 
60 sec^ond-generation offspring. Thi^ will take abdut two we^ks. 
In the meantime, go on with the next several chapters. 



QRANDCHttDREN BY 
THE THOUSANDS 



^..Thls Is a good summation. However, the Jhird 
paragraph. 'thou5[h true, may be confusing to 

Jhe student It says. "You should have found 
that they all had either straight wings or red 
eyi?^/' Actually, tiaey all had both straight 

""wings and riad eyes The **elther-or" refers to 
the feature -that the 'student is Interested In. - 
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Before you go on, let's be stire you know where youVc bc^jn. 
Figure 1-7 diagrams your ||kire fruit-fly experiment. 

First you found a neighl^T whose flies were dif!^i:eat from 
yours in terms of wing shape or eye color Then you crossed 
some of his flies with your fUes. These were the parent flics 
for yoUT experiment. 

Then you lopked at the pffspring. You should have found 
that they all had either straight wings or red eyes. Finally 
you crossed a male and a female from among the offspring. 

Now you will find out what the eyes or wings of the second 
generation look like. You will decide whether the two-bit 
model you study in Chapter 4 can explain the fruit-fly daTa 
youVe collected. 
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Brown •y* 




Stratght wing 



Curly wing 



or 



or 
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ACTIVITY 1-19. Etherize your second-generation flies and 
check their features. Record your observations in table 1-9 
of your Record Boole. Return the flies to the vial when through 
with them. 



Table 1-9. ThJ observations should show a 
ratio of approximately 3 to 1 for the feature 
that l9 being fallowed. That is. there should 
bs about 3 times as many red-eyed files as 
brown-eyed, or about 3 times as many 
straight-winged files as curly-winged. 

Table 1-9 






Feature Variation 




{State what eye colors and wing shapes vou find) 


Parents 




Second-generation 




offspring 





1-13. Tha most common observation is the 
3-to-1 ratio In terms of the two-bit mo0©l. If 
each parent contributes one bit of Informalion 
to the oflspring and one bit can mask ttie 
other, then the parents must have both been 
heterorygous. or hybrids Otherwise there 
would be no way for the masked feature to 
show up In the offspring 



Problem Break 1-1. Most 3tudents will find the 
eye feature if they studied the wing feature, 
or vice versa. They will also note the approxi- 
mate ratio of 3 to 1 In the feature. From these 
observations, they can work back to the par- 
ents and grandparents In the following way. 

1. In order for the parents to have had off- 
spring with the 3-to-l ratio, they both must 
have been able to contribute a "bit" for the 
masked, or recessive, feature They each, 
must have been able to contribute a "bit ' for 
the dominant feature also. Thus, both of the 
parents must have had two different bits; they 
were hybrids 

2. In order for the grandparents to have had 
identical hybrid offspring, they must have both 
been pure strain: one a pure strain of the 
dominant feature and the other a pure strain 
of the recessive feature. 
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Perhaps you would like to know what the chances arc of 
gctung one bit of information or another, if sp, try Excursion 

Excursion 1-4 is for enrichment. 



1-4 




□ 1-12: How well do your results agree with the prediction 
you made in question 1-11? 

□ 1-13. Explaijn wha4li>you observed in the second gcnci«tion 
in terms of the two-bit model. 

From time to time in this unit, you will be asked to do 
Problem Breaks. These are problems for you to solve, without 
^much help from your book or your teacher. The problems 
will usually help you understand what you are studying in 
the chapter But that's not their major purpose. They arc 
designed to give you practice in problem solving and in 
setting up your own experiments. You should try cveiy Prob- 
lem Break — even the tough ones. And in most cases, you 
should have your teacher approve your plan before trying 
it The first Problem Break in this unit is coming up next 
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This problem break gives the student an op- 
portunity to &ee that his partner's cro^ gave 
the same result as his, even though his 
ner waS studying a different feature. 



PROBLEM BREAK 1-1 



Examine your second-generation flies very carefully. Try 
to find some feature (other than the one you studied) that 
dilfers from fly to fly. When you find such a feature, deter- 
mine the ratio of one typ^of fly to the other. Then try to 
figure out what the parents and grandparents of these flics 
might have looked like in terms of the feature selected. Here 
IS some information that you may find helpfuK 

1. The description you made of your original flies (See 
page 6.) 

2. The results your partner gojl from the cross of his flics 
with yours (See page 18.) 

3. Your partner's description ojf his original flics 

Describe your results in your Repord Book. 
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So far (he (wo bif model has explained how ntany (but 
nol all) of^the features arc passed from parents to their 
offspring. Selenlists who study these probletris have found 
this too. They have been able to expand this model to explain 
every situation they have come across so far. The two-bit 
model was proposed about a hundred years ago and is still 
the basis of the science called generics. It is considered to 
be one of the most powerful models in all of science. 

Now your work with fruit flies is complete. You should 
now retutTi to the place in your book where you last left 
off. Before you do though, be sure that all your fruit-dy 
supplies arc cleaned and put back where they belong. Give 
any living flies to your teacher for disposal. 

|»fore going on, do Self Evaluation 1 In your Record 
Book. 

* - 



t»i ^ n fu Aov NOW ion CMAfMtn ^ 

Important Tho Students will bo QOing to this 
. chapfof from tho nuddlo of Chapter /. so 
f^ioso preparations must ba dona well m ad- 
vance 

Pioparo tho Goan Exponment" conJiuners 
I hesQ c;in consist o/ a sfioe box (or other type 
of box) contajning Iho following supplies 

1 capped vial. Inbolod ' Parents" and contain- 
ing a carefully matched pair of beans, one 
white and the other brown, wuh the only 
obvious diffe/enco (he color of tho beans 

I capped viol, labeled First Generation * and 
containing 10 brown beans, matched for 
^itQ and Shape as abovy 

1 paper bag. labeled "Second Generation.** 
into which has been put -J of a baby-foOd 
Jar of brown beans and j of'n |ar of white 
beans If you are preparing 6 to 0 of these 
hags, a better way of ^oing it is to put 6 
jars of brown beans and 2 jars of white 
beans into a largo bag Then mix them well, 
and dip out a baby-food jar full for each 
Individual bag 
1 50-ml plastic beaker 

Each box contains the materials for^no stu- 
dent or student team Therefore you probably 
should prepare at least six in advance. Label 
each box ''Bean Experiment*' and list the 
contents by general headings on the label to 
serve asi a checklist of the contents 



GET IT READY NOW FOR CHAPTER 3 

Problem Break 3-1, Chapter 3. page 40. calls 
for 3 petri dishes of sprouted tobacco seeds. 
It takes from 8 to 1 1 days for germination, so 
you will w^nt to stqrt them far enough in ad- 
vance to be available. To .take care. M the 
spread In your class, prepare a dish every few 
days over a period of several weeks. Do not 
use .all your seeds, however. Some will be 
needed later, in Excursion J-5. Follow the 
directions In this excursion in preparing the 
dishes All plants should be germinated in the 
dark. Be sure to* keep them wptered 
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eOUiPMENT LIST 



P#r •Uid«nt or «tud«nt-ti»«m 

1 oontnin^r, labeled Bean Experiment" 
(oontelning 1 vial lebeled Parents. ' 1 vial 
labeled "First Qeneration/' 1 bag lat)Qied 
"Second Generation, and 1 50-ml plaslic 
beaker). (See end of Chapter 1 for details.) 

That's Using 
the Old Bean 



CHAPTER EMPHASIS 

While waiting for his fruit flies to mature, the 
student performs a simulated crossing expor- 
Iment with beans to see how a single feature 
Is reproduced in succeeding generations. 



Chapter 2 



ExQureion 2-1 la Keyed, and M Is reKey^d. 
to this chapter 



At this point youVc trying to do two things at once— keep 
track of your developing fruit flies and lake a look at in- 
heritance in another kind of living thing, the bean plant. 
Once ^gain you will be trying to find some pattern in the 
way features arc passed from parents to oifTspring. 

Unfortunately, plants grow so slowly that it would take 
months for you to experiment with beans in the same way 
you arc experimenting with fruit flies. To save time, you will 
be given some beans like the ones you would get if you 
actually grew plants. 

To begin, you will need a box labeled "Bean Experiment." 
Check to be sure the box contains these items: 

I vial labeled Parents" 
iNqjaJL labeled *Tirst Generation ' 
1 bag labeled "Second Generation" 
1 50-ml plastic beaker 

ACTIVITY 2-1. Examine th* two tMians in the vial labeled 
"Parwfitt,** 





MAJOR POINTS 

1 . The use of the systems approach In study- 
Ing Inheritance Is reemphaslzed. 

2. In terms of one feature, all the first- 
generation offspring from a cross of two 
different pure strains resemble one of the 
parents. 

3. When two first-generation offspring are 
crossed, the second-generation offspring 
ehow a 3-to-1 ratio for a particular feature. 

4. A ratio, is a convenient way to express a 
relationship t>6tween two sbts of numbers. 
6. The ' sampling'* idea can be used In study- 
ing large numbers of objects. 

6. The ^an experiment poses several Impor- 
tant questions for further study. 



25 



Exporlenco ha* •hown that lens than 75'» of 
the iitudents do Excursion t-1 In Chuptcr 1, 
tt is so fthort. howovor. thai oven thqa© who 
have done it can afford to repeat it Some 
students need holp here, because they may 
develop the idea that beans have sox diffor-^ 
encea. 

i:»:<.iij:si:«:i^ 



The systema approach— concentrating on one 
feature at a time— was one of the reasons that 
Mendel was successful In developing a ge- 
netic model where others failed The choice 
of an easily recognized feature (color) with 
the bean makes (t easier for the student to 
follow the trait In this simulated crossing ex- 
periment. 



□ 2-1. In what wuys arc the beans different from each other? 

Take a look at your answer to question 2-1, If you listed 
sex as one of the differences between the beans, you arc 
wrong. One of the beans is npf the male parent, and the other 
is no! the female parent. If you made this mistake, you i^ould 
really gain by doing Excursion 1-1 again. 

In answering question 2-1, you could have listed a dozen 
or more features as different — size, weight, color, spottcdncss, 
and thickness of coat, to name j^ist a few. Your problem is 
to try to find a pattern in the way features like these arc 
passed from parents to offspnng. 

If you tried to keep up with all possible features at the 
same time, the problem woijld be pretty tough. But there 
is an easier way. Rather than king to follow all features, 
you can concentrate on just one feature — color. 

The two kinds of seed you've seen have come from two 
different plants that were pure strains for seed color. Let's 
review what this means. Plants grown from pure-strain bcan^ 
for color always produce offspring with beans of the $am<^ 
color as the parent beans. Figure 2-1 shows this, 

\ 

Fl^UfV 2-1 




Pur»^8traln brown te^d 



Pure-fttrain brown teed offspring 



Continued use of the beans can change their 
appearance. They can chip and break. Check 
for such changes and promptly replace dam- 
aged or worn-out beans. 
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In your experiment, plants grown from pure-strain white 
beans were crossed witJ\jplants grown from pure-strain brown 
beans. Then the offspring beans were picked. A sample of 
the beans that were picked is in the vial labeled **Fjrst Gen- 
eration." ^ 




First g«n« ration 





ACTIVITY 2-2. Examin* th« l>«ant In th» vial labalad "FIrat 
OM>#ratloq" *^ 

□2-2. Which parent bean color was the same as the color, 
of these flrst-gencration beans? 

□2-3. Which parent bean color did not show up in the - 
flfst-^gcneration beans? , -^ 

The next step in the experiment was to planPthc flrstv^ 
generatiop beans. The plants that grew were then cross<cd, 
Wid a second generation of beans was picked. A few of the 
second-generation beans are in the bag labeled ''Second 
Generation." 

□2-4^ Before opening the bag, try to predict the color of 
the beans in it. 



2-2. Brown: 2-3, White, fhls is probably the 
student's first experience with masking of a 
feature. Don't make a P9lnt of explaining the 
concept here. The idea should Oe allowed to 
"O^bw" through Chapters 2 and 3 Then, in 
developing a model In Chapter 4, the student 
should see how the concept fitsNnto the tdlal 
. picture. 



2-4. Accept the prediction whether or not It 
is correc^t. The student checks It In question 
2-5. Stress honesty hfer^: encourage students 
nof to change their prediction after looking In 
the bag. 



ACTIVITY 2-3. Optn th« bag and axamina a f«w baaiia from 
tha aaoond ganaratlon. 




□1^. Describe the color of the beans in the second- 
generation bag, ^ , 

Compare your observation with your .prediction afcfove. 
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□ 2-6. In this ^second generation, arc there more brown beans 
or more white btans? 

R«mlnd«r Did you chechyour fruit ffies today? 



SAMPLING BEANS 

Stu<j#n4 •houid chock Ihoir frul! flies daUy 
Some teachers find (t helpful to post a sign 
on Ihe chalKbOftrd or bulletin board, saying 
"Have Yo^j Checked Your Fruit Flies Today? * 



You may have read how television networks find put how 
many people watch a certain program. They do not call 
everyone in the broadcast area. Instead, they call only a small 
number of people. They assume that this. "sample" of people 
will tell them something about the program preferences of 
all the people in the area. Let's apply this idea to your study 
of inheritance in beans. 

V 

ACTIVITY 2-4. Stir the beans In the second generatlon bag. 
Without looking, take out 2 full beakers of beans. Examine 
them and fill In the first two columns of Table 2-1 In your 
Record Book. Then pour t^i^ beans back Into the bag. 




Many students have an Inherent distrust of 
sampling techniques. Without going Into a 
discussion of statistics, about the only reas- 
surance that you can give is that the proce- 
dure is widely used and has been tound de- 
pendable ' enough to base sorffC very 
important decisions on ' the findings. You 
might want to point out. however, that a larger 
sample can give a greater degree of confi- 
dence than a smaller samo^^. That Is the rea- 
son they use 2 beakers Q>6eans, Instead of 1. 



The two beakers of beans are a sample of the beans in 
your bag. The bag of beans, m turn, is a sample of the entire 
second generation. If your sample is a good one, it can tell 
you something about the features of all the secondgeneration 
beans. 



You might want to try the sampling first, pr 
at least check the results of the first f#w stu- 
dents In Tfl^ble 2-1, Top wid* a dlscre(:>ancy 
from a 3-to-1 ratio could point to Incorrect 
preparation of the samples. 
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Table 2-1 



SAMPLE COUNT OF StCOND<5BNERATION 'BEANS 



Brown Bean*. 


White 


Beams 


Ratio >^ 










i9 







One of Ihc writers of this b*ook took a sample of second- 
generation beans just its you did. But his sample vvas larger 
It contained 721 brown beans and 238 white beans. To calcu- 
late a simple ratio, he divided both these numbers (72 1 and 
238) by the smaller number (238), like this: 



Brown beans 10 white beans ===721 to 238 
Rough ratio = 3.03 to' I 



r 



The writcr^s sarpple contained about three brown beans for 
every one white bean. ' 

Rounding off his answer gives a ratio of about 3 fo K 
^If yojul dQn'l understand how this calculation waji made» 
sec Excurtion 2-1, "Ratio Simplified." 



Excursion 2-1 can supply holp to those who 
h«v« difficulty with the mathematics or the 
concept. 




Using the data from Table 2-1, calculate a ratjo for 
your sample of second-generation beans. If you have trouble, 
turn to Excursion 2*1. | 



Number of brown beans 

to white beans = 
Rough ratio = 
Rounded-off ratio = 



to 
to 
to 



□2-6- How does your ratio compare with^ur writer's? 

Figure 2-2 diagrams the experiment you have just studied. < 
Notice that the colors of the first- and second-generation / 
beans arc not labeled. l 



□2-9.. Study the diagram carefully and add the missing in- 
formatiotiL on bean color and ratio. 



/ 



y 2-9. First-Generation beans are all brown. 
^ Second-generation beans are bro^pj^d 



-generatit 
white in a ratio of 3 to 1 . 
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Brown b%mn 



Parent plants 



FlnH-generatlon boiins 



First generation 
plants 



Second^eneration 
beans 




What color were the 
tirst-oeneratlon beans? 



What color were the ^ 
second-generation beans? 



o n n f\ 

J V o 



Ratio' = 



to. 



brown 



whUe 



Figure 2-2 



Don*t expect students to have the answers for 
these questions now. However, they are prob- 
ably fairly good questions for you to keep in 
mind also, as a representation of the things 
students should know when they finish the 
unit. 
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Note In (his example, and {hrougliput the unit, the symbol 
X is used ro mean a mating or a crossing. 

i 

At this point, you might be asking several questions: 

1- Why were all the first-generation beans brown even 
though one parent was a pure strain for white and the 
other parent was a pure strain for brown? 

2. Why were some second-generation beians white even 
^ though both parents produced brown beans? 

3. Is there anything special about the 3-to-l ratio of brown 
beans to white beans in the second generation? 

4. Do you get similar results when you cross other plants 
and animals? 

These are some of the questions you'll be trying to answer 
in the next several chapters. Keep them in mind as you 
proceed. 



PROBLEM BREAK 2-1 

An car of corn contains a lot of kernels. Each kernel is 
a separate seed that can grow into a new plant. The ears 
of corn shown in Figure 2-3 represent thrce^ generations Two 
different pure-strain parents produce a fijst generation. A 
second-generation offspring was produced from it cross of 
first-generation plants. 

Figura 2-3 



Rure-strain parent 



Pure-atraJn parent 




First generation 



First generation 



Second generation 



Study Figure 2-3 carefully. From your observations, dia- 
gram a pattern of inheritance for the corn seeds like the 
diagram for bean seeds given in Figure 2-2. How does the 
ratio of colors in the second generation of com seeds compare 
with the one you found for bean seeds? 

Record your findings in your Record Book. 

R#mfn<l0r Don 7 forget to watch your fruit flies daily. Before 
going on, check your calendar to see where you aret in your 
frtiit-fly experiments. 



Depending on care in counting, the ratio of 
dark kernels to light kernels should be about 
3 to 1 . 



GET IT READY NOW FOR CHAPTER 3 

(R9m9mb0r that students will go to ttiis ctiap- 
fer before completing Chapter 1 ) 

YoO need several sets of packages labeled 
#1 through #6, prepared as followsr 
# 1— containing 60 smooth pea seeds 
it 2— containing 60 smooth pea seeds 
#3— containlng'60 smooth pea seeds 
#4-~contdining 60 wrinkled pea seeds 
#S— containing 60 smooth pea seeds 
#6— containing 52 smooth pea seeds and 17 
wrinkled pea -seeds 

Use envelopes fastened with paper clips for 
tfie packages. Check the peas carefully. 
Some smooth peas may have deep dimples 
and appear wrinkled. Select the, smoothest 
peas. You also need the tobacco seedlings for 
Problem Break 3-1. See the note at the end 
of Chapter 1 for details. 



B«for« going on^ do Self-Evaluation 2 in your Record 
Book. 
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tOUtPMENT LIST 



P«f •tud#nt or ttiid«nt-t««m 

1 ••t of pmm pmcKige*. 1 to « 0 

(8## t«acfi#r not#. #nd of Chipt^r 2, for cJ#- 

tell* of oonr#n(« ) 



1 pttrl dith / 

3 Pftrl olih#i of tobacco seedlings 

(Soe t««oh«r not«»i •nd of Chupter 1. for 

prtparittlon dttallf ) ' 



Watch Your Peas and Q's Chapter 3 



CHAPTER EMPHASIS 

Th« ktudfnt'ttsu th« predictive power of hia 
d«v#loping model In genetic*. u»lng p^a 
•••de In another almulated croaaing experl- 
mtfil and (bbecco seedlings as another ex- 
ample. , " 



MAJOR- POINTS 

t. InfiMtartCQ of leed texluifi in pnaa aeenia 
to follow the *ame pattern as inheritance of 
•••d color In beans. Specifically, the patt<*rn 
•e^ma to bi^ this: 



In Ac last chapter, you observed how fciitures in beans are 
passed ff()ni parents to offspring. By thinking about only one 
feature— ^color— you found a pattern of inheritance. Let's 
review wha\ you did. ... 

1. Purest rain brown X Pu res f rain brown 

When pure-strain brown-bean plants were mated with 
pure-strkin browh-bean plants, only pure-strain brown- 
. , bean offspring resulted. Similarly, a cross between 
purc-$train white-bean paretits produced only pure- 
strain white-bean offspring; (See Figure 2-1.) 

- ^f * 

In Pfirestrain brown X Pure-strain white 

You saw a different pattern when plants grown (roni 
pure-strain b^own beans, were ij^aled with ones grown 
fyom pure-straiin white beans,. In t^is case, only bfown 
beans showed Up in the first generation. But when plants 
grown from the first-generation brown beans were 
mated, both brown beans and white beans showed up 
in the second generation. There were three brown beans 
for every one white bean> (See Figure 2-1,) k 

. Docs fhis pattern hold for other bea^-plant features? Does 
it hold -for other plaints and animals?^ If it doei^, yoti could 
use it to make predictions about the pffspring of other §ets 
of parents. . . 

Lcfji uy to use the pattcrrf to pjredict the inheritance of 
features in garden peas. If pea plants and bean plants follow 
the same pattern in passing features to their offspring, your 
predictiotis should be accurate. ^ 



YOU SHOULD 
SEE MY ^ 
PARENTS/ 




a/ When two [qdlvlduals of the same pur^ 
strain life Crossed, ftH offspring look like the 
pi^reptia. 

t>. When two Individuals of different ^ure, 
strains are crossod, the offspring resemble 
one parent but not the other 
c. iSQCdnd-ger\er3tlpn offspring of parents of 
two different pure strains *may looK like either 
strain, but the feature of one strain shows up 
three times as often as the other 
2. Predictions can be mude for a feature of 
offspring when tr^e corresponding f<aatures of 
the piarents are known. 
'>' -3. The pattern *'^f J nherltanqi^ sji^mi to hold 

f6r otfi,er plants V^V^*^*^- v '^' 
4. Thi* pattern of Inheritance can be used to 
• work Backward vfrqm a' ^ecortd-generatlon 
plant. to predict a'feature In the first genera- 
tion and in the pure-stralh ^andparents. 
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Th*f« ani no new excuralons In this chapter. 
bui ExouriHOn 1-2 is rekeyed. 



5^ 



It would soom logical to look to a pep oxperi 
mont in genetics Grogor Mendol used Ihis 
plant as tho basis for his great discoveries in 
(he nineteenth century 



To begin the activity, yon will neejd the following items: 

6 packages of pea seed, numbered I to 6 
(Do not open these until told to do so.) 
1 petri dish 



ACTIVITY 3-1 Open package #1; pour the peat from the 
package Into the petri dish. After answering questions 3-1 
through 3-3, return the peas to the package. 




3-2, No. Presumably these peas are all from^ 
(he sdnrie generat'ion. A pure strain is estab- 
lished over several generations • 

3-3. The most correct <^nswer is "Impossible 
to predict.'' If the answer to question 3-2 is 
No. then you cannot predict for the otfspnng 
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□ 3-1. List at least two features common to all the peas- in 
package # 1 . ' 

□ 3-2. Can you tell by looking at the§e peas whether or not 
they are from a pure strain? Explain your answer. 

□ 3-3. Suppose two of these peas were planted and the re- 
sulting plants were crossed. What features do you predict 
thfc next generation would have? 

Like the bean plants in Chapter 2, pea plants'would take 
months to produce another generation, therefore, you will 
agj^irt work with peas gotten from an experiment done by 
someone else. The peas you study will look just like the ones 
that the original experimenler. used. 

First, peas like the ones in package #1 wer^lanted; then 
.the'plantsithat.grew ^ere crossed. The offspri^ plants pro- 
duced peas Uke the ones in package #2. (See Figure 3-1.) 




J 




1 Figure 3-1 



Planted seeds 
from package # 1 



Adult plants 



GO© 



First-generation seeds 
from package #2 



ACTIVITY 3-2. Open package #2. Examine the firtt-* 
gejneration peas. Return the peas to the bag aft^r answering 
quiMtlons 3-4 and 3-5. 

□ 3-4. How do the features of the first-generation peas in 
package #2 compare with the features of the pafent- 
gcncration peas in {^.itckage # 

□3-5, How do the features you see in the first-generation 
peas compare with the prediction yon made in question 3-3? 



Planted seeds 
from package #2 





Hgure 3-2 



Adult plants 



'Second-generation seeds 
from package #3 
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3 6 Tho predictions should be made wMh 
mcfoasmg confidence \i th^ student has fol- 
lowed th© reasoning carefully from ine Chop 
lei 2 bean eHponmenis. ana has notoo that 
the parent peas wore smooth and Iho fjrsl- 
Oeneralioo peas also smooth then there are 
reotly only two predictipns possible 

! That smooth peas result This would bo 
based on thg loea of starting with a pure 
Stram 

2 That smooth peas and other thar^ sriiootM 
peas rosuU (Noie that theoretically the slu 
dent doesn t really know that there is anything 
but smooth peas at this point ) This prediction 
would be basefi on starting with hybrid peas, 
which would have all been the same in "the 
ftrst generation and shown variation in if is 
second generation 



3-11 They would all be smooth (pure^strain) 
peas Note that this can be predicted with 
sofne confidence. The student has observed 
several generations necessary to establish a 
pyre stram. 

7 

K sludenis have difficulty with questions 3-9, 
3-10. and 3-11 above, you stiould ctieck the 
answer to question 3-12 carefully You may 
want to urge them into Excursion 1-2 if they 
can t operaltonally define pure strain or don't 
see the connection to the questions 



□ 3-6. Suppose you planted these first-generation peas and 
crossed two of the on'spring plants. What do you predict the 
second-generation peas would look like? 

□ 3-7. Explain why you made the predictions you did. 

In the original experiment, peas like those in package #2 
were planted and the resultant plants were crossed. The peas 
in package #3 are a sample of the second generation. Exam- 
ine these peas now. 

. □3-8. Wtus your prediction in question 3-6 correct? 

□ 3-9. What features do the peas in packages # 1, #2, and 
#3 have in comraon? 

□ 3-10. What do we call plants that always produce offspring 
exactly like the parents? 

□ 3-11. Suppose some of the peas in package #3 were 
V planted and the r*ultant plants were crossed. Predict what 

the offspring peas wou^look like. 

V 

Return the peas to package #3, fasten the package, and 
return it to the supply area. 

In answering the last few questions, you probably used 
the idea of pure stratus. Let's rei^ew the meaning of the terra 
pure strain. Remember that scientists prefer to define their 
terms ^ith an operational definition. 

□ 3-12. Give an operational definition of pure strain. (Sec 



I ^ k LJJ-i^. uive an operational del 

■ ^A<*i.ijIS..»A^P^ Excurmlon 1-2 if you need help.) 




In the next section, you will study the inheritance of still 
another feature of pea s^eds. Before going on, howeVer, study 
Figure 3-3 to review what you have found so far. ' 

Figure 3-3 



Plants grown 
from p«as # 1 




Plants grown 
from peas #2 



Peas #3 
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Package #4 contains seeds from a kinJ ol pea NOl' related 
the ones in packages # U #2, and 



MORE AND 
DIFFERENT PEAS 



ACTIVITY 3-3. Examine the peas In package #4, Return the 
peas to their package after answering questions 3-13 through 
3-16. 




Q3-13. List at- least two features common to the peas in 
package #4. 

□ 3-14, How do the features of the peas in package #3 differ 
from the features of the ones in package , #^? 

The peas in package #4 were first-generation peas. These 
peas had features like those of the parent peas- 




Ptanted seeds 
from package #4 



1 



i 



Adult plants 




^: ^1 Second generation seeds? 



□3*15. Suppose these ^first-generation peas in package #4 
were planted and the resultant plants were crossed. What 
do you predict the second-geheration peas would look like? 

□3-16. Explain why you made the prediction you did. 



3-14. If some care has been exercised fn se- 
lecting the smooth peas, there will be a 
marked difference between them and the 
wrinkled ones. 



Figure 3-4 



3-15 and 3-16. The hoped-for prediction is 
that the peas would all be wrinkled, like the 
parents In #4. The reason would be that it 
was a pure strain. For the student to make and 
give the reason for this prediction, he must 
do one of the following. 

1. Assume that it is a pure strain without ex- 
parlmental evidence, since he has not seen 
that three generations of these peas were all 
the same. 

2- Recognize "wrinkled" as*»a recessive trait 
and realize that in order to have all the peas 
show this recessive trait* they wquld have to 
ba pure-strain peas. (This is hign^ unlikely* 
aa the student has not yet learned that traits 
can t>e dominant, recessive, or masked,) 
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Note that both typos of peas are referred lo 
as puro-stram peas The smooth ones hove 
be©n oxperjmerUally determmoO as such, tho 
wrinkled ones could be assumed to be such 
for the reasons gjvon on the preceding page 



Lcfs simplifji' ihc .study of inheritance in these ppas by 
concenlraiing on just one feature-^ -shape. For ihc momcni 
wc will study only the inhchfance of seed shape in peas, 

□ 3-17. What was the shape (round, or wrinkled) of ihc 
pure-,strain peas in package #3? 

□ 3-18. What was the shape (round, or wrinkled) of the 
pure-strain peas in package #4? 

In the original experiment, an interesting cross was made. 
A plant grown from peas like the ones in package #3 was 
crossed with a plant grown from peas like the ones in package 
#4. Then the first generation of peas (package #5) was 
picked. 



Figure 3-5 




In answering the next question, let's assume that the in- 
heritance of seed texture in peas follows the same pattern 
as inheritance of seed color in beans. 



3-19 On the basis of the bean experiments, 
thfr student should be able to predict that all 
the peas will look hKe one of the parents. 



□?-19. What do you predict the p<^as in package #5 will 
look like? 

^ACTIVITY 3-4. Open package #5, ekamlne the seeds, and 
answer question 3-20. Then replace the seeds in package #5, 
close It, and return It to the supply area. 




□ 3-20. How do ihc fcalurcs of the peas in package #5 
compare with the prediction you made in question 3-19? 

□ 3-21, Which parent do the peas resemble more? 

The original experiment was carried one step further. 
Seeds like those in package #5 were planted, and some of 
the plants that grew were crossed. Second-generation peas 
were picked from the offspring plants (package #6). 

□3-i2. What features do you predict the second-generation 
peas in package #6 will have? (Include a ratio.) 

ACTIVITY 3-5, Open package #6 and examine the seede. 
Answer queetion^ 3-23 through 3-27, Then replace the peae 
In package #6, close it, and return it to the supply area. 




3 22 Again, based on the boan experiments, 
ttie student should be able to predict that 
there will be smooth peas and wrinkled peas 
In a ratio of about 3 to 1 . Ho should know that 
there will be more smooth- thah wrinkled be- 
CiiusG all the first-generation peas in Activity 
3-'t wore smooth. 



□ 3-23. Record the number of smooth and the number of 
wrinkled seeds. 

□ 3-24. What is the rounded-off ratio of smooth seeds to 
wrinkled seeds? 

N 

□ 3-25. How do your observations compare with the predic- 
tion you made in question 3-22? 

□3-26. How does this ratio compare with the ratio of seed 
color you found in the second-generaijon ^eftns? (See Table 
2-J,) 

□3-27. In what way do beans and peas follow a similar 
pattern of inheritance? 



thts series of questions serves to reinforce 
the ideas from Chapter 2. Encourage studer^ts 
(o look back to the bean experiments if they 
are having much difficulty. 
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This is a good summation of the gonetics 
model to this point The model will be tested, 
and its predictive power explored, in Problem 
Break 3-1. which follows. 



Your observations on the inhcriiance of seed shape and 
color in heaps and peas show thai informalion abouf parlicu- 
>4ar featOres is sonlehow passed Trom parents to oflspring. The 
message seems to have been commimicaied like this: 

1. When two individuajs of the same pure strain are 
crossed, atKoflsprir^g should look like the palrenls. 

2. When two individuals^of differenl pure strains arc 
crossed, the offspring should resemble one parent but 
not the other. 

3. Second-generation ofl'spring of parents of two different 
pure strains should look like either strain, but the fea- 
tures of one str{iin show up three times As often as those 
of the other. 




IMPORTANT NOTE 

Tobacco seeds garminate more uniformly, 
grow taller, and need less watering when kept 
in the dark However, the seec^lings will all be 
colorless (white) until they are permanently 
placed in the light. Then those able to develop 
chlorophyll (tucf» green) will do so within 24 
hours. Consequentfy, you should bring th« 
dishes that are to be used Into the light at 
least 24 hours before the student ob»erv»« 
thorn. 

Actually, the recessive gene for albinism only 
inhibits chlorophyll formation for a period (>f 
tinrte Some of the normally albino plant* wlH 
turn green as they grow older. You will h|iv« 
to be alert for this and discard the contents 
of those dishes In which seedlings no longer 
show albinism. 



PROBLEM BREAK 3-1 



You have found a similar pattern in beans and peas. Does 
his pattern hold true for other plants, too? Let's see! 

PiCkr^p three petri dishes of sprouted tobaccq seeds. Count 
the nunibetM^f shoo^ the two colors you see (green and 
white). These plants came from seeds of second-generation 
plants. Figure 3-6 diagrams the crosses that were made. 



Figure 3-6 



Pure-atrain parent 



First-generation plant 



Pure-strain parent 



FIrst-generatlon plant 
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Second-generation plants 
(Those in yoUr petri dish<M) 



1 



tcfs assume that tobacco plants follow the same pattern 
of inheritance as beans and peas. 

Try working backward from the second-generation plants 
in the pctri dishes to predict the color of the tirst-generation 
and of the pure-strain parents. In your Record Book, draw 
up a tabic of your predictions. 

Easily seen features of pea seeds and tobacco seeds have 
taught you still more about inheritance. In the next chapter, 
youMl be asked to develop a model to explain the pattern 
that you have seen here. If you like a challenge, you might 
try to think of your own model now. If you've come up with 
what you think is a good one, describe it jn your Refcord 
Book. Later you can check to see how good it really is. 

Reminder Don 7 forget to watch your fruit flies daily. Before 
going on, vheck your calendar to see where you ar-e in your 
fruif-ffy experiments, ; 



Students ahould find a ratio of approximately 
3 to 1 for groen and white (albino) plapts. If 
thoy use the poas (and the beans) as exam- 
plofi. they should reason that all first- 
genefalioh plants were alike (an green) and 
the pure-strain parents wer^ of two different 
colors (green and white). 



Unless students have some prior knowledge 
of genetics. It Is not reasonable to expect 
them to postulate much of a model at this 
time. 



B#fore going on, do Self-Evaluation 3 in your Record 
Book. 



Q6T IT READY NOW FOR CHAPTER 4 

No extenalve preparations are necessary for 
th« chapter. However, you should have the 
brown and clear plastic squares and the 
puper bags readily available. Students will be 
going on to this chapter before completing 
Chapter 1. ^ 



Si 
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EQUIPMENT LIST 

P#r 9tud«nt-t«am 

2 paper bags 

2 brown plaatic squares 

2 clear plastic squaros 

Bits of Information 

Excursions 4-1 and ^l are keyed to this 
chapter. 

Your observations have shown that parent peas, beans, and 
corn plants all pass features to their oOspring in the same 
way. In this chapter your problem will be to develop a model 
with which to explain the pattern you have found. 

Let's start by summing up what you saw in the bean seed 
cxperiment- 

1. Each parent plant had beans with a distinctive color. 
One pure-strain bean parent had brown beans, and the 
other pure-strain bean parent had white beans. 

2- Only one seejl color showed up in the first generation; 
all the beans of the first generation were brown. 

3. In the second generation, both seed colors appeared 
again- Some second-generation plants had brown beans 
and others had white beans, 

4. In the second generation, the ratio of colors was three 
brown beans to one white bean. 



Pure-«traln 
brown 



0 



Parents 



Pure-strain 
white 



Brown 



t 



Brown 



Rrat a«neratlOfi 



« f « 0 

Brown BroWn Brown wh(te 



Second 
Oaneration 



CHAPTER EMPHASIS 

On the basis of past observations, a modal is 
developed to explain the patiorn of genetic 
Inheritance. 



Chapter 4 



MAJOR POINTS ^- 

M. A good model can help explain an ob- 
served pattern of inheritance. 

2. A good model should also enable you to 
predict features In offspring. 

3. A scientist always tries to build the simplest 
model to explain hfs observations. 

4. Although simple, the one-bit modeljoannot 
easily explain genetic inheritance in suc- 
ceeding generatlons- 

6. The two-bl{ model assumes that each par- 
ent has two bits for each feature, and that 
each parent passes one bit to the offspring. 

6. When two different bits of Information are 
received, one bit may mask the other. 

7. Chance determines which of two bits will 
be passed from parent to offspring. 

8. The two-bit model accounts for the obser- 
vations made so far. 

9. Scientists use a test cross in looking for 
hidden bits of Information.- 

10. In making a test cross, you should use a 
pure strain of the masked feature. 



Figure 4-1 



Students should still be checking their fruit 
files dally. 
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□4-1. For what feature did the peas you studied follow a 
pattern similar to the one shown in Figure 4-1? 



Ar© yUur sludonts (omlllar with tho concopt of 
a scientific model? You may want to have 
some »mall-group discussion with thenn on 
the points below. 



The model you develop for how parents pa<5s on their 
features m\x^{ explain why the bean experiment turned out 
as it did. More than that, it should enable you to predict 
the features of the offspring of other kinds of plants and 
animals. 



BUIIPING A MODEL 



Mental models are 

(1) man-made, 

(2) based on reasonable assumptions. 

(3) 'kept as simple as possible. 

(4) based on observations. 

(6) used to suggest new experiments and 
observations. 

(6) used to predict what will happen In new 
but similar situations. 

(7) soTDetimes changed when they don't ex- 
plain new observations, and 

(8) sometimes discarded If they cannot be 
changed to account for new observations 




You may Already have decided that a. message that deter- 
mines the features of the offspring is somehow sent from, 
parents to their offspring. Let's assume that this is true, and 
call this message a ''bit of information." 

Let's assume that offspring get all their bits of information 
from their parents. In other words, a brown bean is a brown 
bean because it got a bit of information that says "Form 
brown color" from either one or both parent plants. A white 
bean has a bit of information that says *Torm white color/' 
which was passed to it from one or both of its parents. 

As you should kjpow by now, in building a model you can 
make any assumptions that seem reasonable. In building your' 
model, you could assume that every individual receives from 
his parents one, two, three ... or more bits of information 
for each feature. But the scientist always tries to build the 
simplest model that will explain his observations. 



THE ONE-BIT MODEL 
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The simplest model obviously assumes that each individual 
has just one bit of information for each of its features. The 
bit of information was passed along from one parent of the 
other Let's see how well this simple model explains the 
pattern you've seen in the observations you've made. 

According to this one-bit model, brown beans received one 
bit of information for brownness, and this is what makes 
them brown. White beans, on the other hand, got a bit of 
information for whiteness. 
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To help you undersland the way this model works, you 
will use plastic squares to represent bits of inlbrmation. A 
brown square will represent a bit of information that says 
"Form brown." Likewise, a colorless square will represent 
a bit of information that says "Form while." 

Pick up these materials from the supply area: 

2 paper bags 
1 brown square 
1 colorless square 



Nolo that the student uses two hngs with a 
differonl kind of plastic square in oach Lator. 
he will U30 two of each kind of §quare with 
ttie two bags 




' . Draw one sipftire 

from altlier one of the bags. 

ACTIVITY Place the brown square in one bag and the 

colorless square In the other bag. Each bag now represents 

On« pure-strain parent. Draw one square from either one of 

the bags. The square represents the bit of information passed 

on to a first-generation offspring. 

Figure 4-2B reviews what happened when you crossed . 
plants grown from pure-strain brown beans with plants grown 
from pure-strain white beans. Figure 4-2A shows what you 
know about the bits of information involved. 

Use the one-bit model to answbr the next five questions 
about the experiment shown in Figure 4-2. 

Figure 4-2A - Figure 4-2B 





Brown bit ^ 
of information 



Pur«-8tra)n 
rt«rent #1 



White bit 

of informatloh 




□ 



First generation 
? bits of information 



Pure strain 
parent #2 



Pure-strain 
parent #1 



Pure-strain 
parent #2 



X 

4- 



0 



Brown white 
First generation 



I 



Brown 



I 



This series of questions is designed to show 
the difficulty with the one-bit model Since he 
has not been able to explain all the obaerva 
tions* the. student should^-tfe led to decide to 
try a different model. You will probably find 
that students are reluctant to discard a model 
once they have started using it. Even good 
scientists have exhibited thjs behavior in the 
past. 



□ 4-2. What bit of information for seed color did the pure- 
strain parent 1 have? 

□4-3. What bit of information for seed color did the pure- 
strain parent #2 have? 

□4-4, What color were all the first-generation beans? 

□ 4-5. In Activity 4-!, what color square (bft) did you pick 
from one of the bags (parents)? 

□4-6. What color square (bit) would you have^o pick in 
order to produce the first-geheration bean shown in Figure 
4-2B? 

□ 4-7. According to the one-bit model, did* the first-gen- 
eration beans get their bit of information for color from 
parent #1 or parent #2? 

The one-bit model explains Ihe first generation only if you 
assume that all the first-generation offspring received a bit 
of information for brown. This bit would have had to come 
from parent #L • ' ^ 

□4-8. Why couldn't parent #2.have supplied a brown bit 
of information? 



/ 



Figure 4-3 
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Parent #2 had only bits of information for white. It ap- 
parently contributed no bits to its offspring. 

Now let's try to apply the^ one-bit model to what you 
observed in the second genemtion. Figure 4-3 reviews that 
experiment- , ' ^ . \ 



First-generation parent 



Flrst-gen^fation^arent 



Brown 



Brown 



Second-crop plants 



6 00 G 

3 Brown to 1 White 



0 



67 



Let's use the onc-bil model lo see if we can duplicate the 
results of the cxpenmcni. ^ 

ACTIVITY 4-^!. P\9C0 one brown squ^rd In each of the two 
tMgs. Each bagj now represents one first-generatfdn plant 
Drtw one square from either one qf the bags. Each tqd^fB 
represents A biithat could be passed on to a second-genera- 
tion offspring. ^ 




□4-9r If you continue to draw square^s (bits of information) 
from cither bag (parent), what color square will you always 
draw? 

□4-10, Using thc^-'cnrTj-bit Ynodel, how can you explain the 
reappearance o/th^ white beans in the second generation 
(sec Figure 4-3^)? , 

PRQBLEM BREAK' 4-1 , ^ 

|f you were able to use the one-bit model at all to explain 
why white beans showed up in the second generation, you 
probably had to make some pretty strange assumptions. 
When this happens, it's a good idea to search for a more 
ilsefVil model. The rest of this chapter ^ill help you to do 
this, but first you have a changp to work on your own. Try 
to develop a "bit-of-information modeF' that will explain the 
four points listed on page 43. In building yovir model, assume 
that diffilrtiit numbers of Wts of information are p^issed 
along. Then d«u[de which number of bits works best. Spend 
up to one full day with this, and describe in your Record 
Book the best oiplanation that you can come up with. 
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4-10. It Is Impossible lo explain the j^appear- 
ance of the white beans In the second gener- 
ation by uairig the one-bit model, Thi3. and the 
earjier fact that all the bits of information for 
the first generation had to come fromxDnly one 
parent, mak6s the one-bit model unaccept- 
able. 



Problem Bree^k 4-1. It Is Impossible to pr^dictx 
the new model suggested by the studijnt. He 
may come up with a tworbit model, but may 
be unable to make it work. Accept the stu- 
dent's best effort; he can check his own sue- 
.cess as the text develops ^ts. two-bit model 
Encourage Students to make Individual and 
group attempts to produce a workable mocjel ' 
(one' that explains and predicts). 
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Ptrhaps your niod<?l will do the job; pcrha-ps not. But one 
thing is sure. The one-bit model is m trouble. Let's look at 
the next simplest possibihty— a two-bit model. 



A TWO-BIT MODEL 



This IS thft model that yorks. Sludenls may 
complain atwut being lea doWn the falge path 
"of the one-btt model This is the nature of 
science Many erroneous Ideas are triqd bo- 
fore a successful one is foun0 rK' ^ 



For tills model, you will. assume two thhigs: (I) every indi- 
vidual has two bits of information for each feature, and (2) 
onP ^ for each feature is passed from each parent to its 
offsprmg. 'I^o make it easy to understand what is happening, 
.you wiU agam use the pla.^tic squares. This time you will 
-heed two brown and two colorless squares. 

Let's try to use this two-bit model io explain lh6 experi- 
ment reviewed in Figures 4-2 and 4-3. - 

Rernember that pure-strain bpown-bean plants crossed" 
^th similar plants always produced brown beans. This mkkes 
it reasonable to suppose the pure-strain brown-bean plants 
can pass /ilong bits of information for brown only. Similarly, 
pure-strain white'^bcans must pass along only bits of infor- 
mation for white. 



J 
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ACTIVITY 4-3. **lace two brown-squares Jn one bag and two 
colorless squares In the other bag. Each bag now represents 
one pure-strain parent. Draw one squar'^ frofn each bag. S|(ack 
the two squares together These two squares represent one 
offspring. 





Dray^ one fliquhre 

from dsc/) bag, • ^ 

If you followed the directions cotl^tly, you got one brown 
and one colorless square. TTie squares represent the bits "of 
information that the offspring received from its pure^strain 
brown-bean parent and its pure-krain white-bean parent. 

□4-11. What is the only comStnation of bits of information 
(squares) you can get by selecting one bit from each bag? 



You now have an inlcrcsUng problem. You know that the 
offspring from the cross of a pure-strain bro\vn-bcaa plant 
a pure-strain white-bean plan,tv wcre all brown (see 
Figure Yci your two-bit model suggests that each of 

these offspring rcfceived a^ bit of information for white from 
its white parent. Why didn't the white bit show up? 

□4-12. An assumpttori about the bits of infomiation cah 
explain why only brown 'beans showed up in the first genera- 
tion. What is that assumption? 

Perhaps you had trouble with question 4-12: If so, an^ 
activity with the squares may help you out. 

ACTIVITY 4-4. Plac« one brown square and on« coloiieas 
•quare In a stack as shown. Hold the atapk up to the light 
and look through It. ^ 



/ 



4-12. Possible«8ugg»stio^i3 mitaht include the 
followingx (ho whito bit jnay beNdefectivo: the 
while bit gets lost ", the brown bit over- 
power's lh« white bit. 




□4^13. What is the overall color of the two-square stack? 

□4-14- What assMmption about bits of information does this 
suggest to explain why only brotvn beans showed up in the 
first generation? 



4-14. The^whlte bit is masked (hidden, .cov- 
ered up) by the brown bit. ^ 



mportant •eeumption - 

Suppose we make ^ important assumption about in- 
herited bits of info^ation—the bit of jjgifdrmatfon for brown 
caii mask the bi^f of information lor white. This means that 
a plant'with oni^ hit of information jfor brown and one bit 
of information for white would produce only brown bfcans- 
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4-15 One brown and on« white 



4-16: Brown 



4-1 7. Brown • 

Check these answers carefully The success 
of the Kvo-bil model and lis acceptance tJ^ the 
student rest heavily on this reasoning \- 




Use your (wo-bii model, including (he new assunnption, 
to answer (he nex( two questions. 

[^4-15. What bits of information would offspring get from 
a cross of pure-strain brown-bean plants and pure-strain 
while-bean plants? 

□4-16. Assuming that the brown bit of information can 
mask the white bit of information, what coIor(s) would you 

expect the first generation beans to be? 

<• ' 

□ 4-17. What color were the first-generation beans (sec 
Figure 4-2B)? 

So far, so good. But whaj about the second crop? You will 
remember that this is what happened when* the first-genera- 
tion plants were Crossed: » 



Brown 
first Qoneration 



Brown 
fir^t generation 



3 brown and 1 white 
In second generation 
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Can thesS^'results be explained by the two-bit model? Lct*s 
try an experiment to find out. 

□4-18. What combination of two squares represented the 
bits of information of the fi^-generation offspring? ' 

The first-generation offspring are also the second-genera- 
tion parents (see Figure 4-3). Let's see what would happen 
if beans from two such parents were planted and a second 
generation produced. 

ACTIVITY 4-5. Place one brown square and one colorless 
square in one bag (parent #1). Place one brown square i^nd 
one colorless square in the second bag (parent #2). 

These two bags now represent the parents of the second 
generation. Remember that each square stands for a bit of 
inforn>ation. ^ 

7i 



□4-19, According lo the iwo-bil model, how many squares 
should you take from each bag to produce a second- 
generation ofVspring? 

Well, now you have another problem. Each one of this 
pair of parents has two dilVcrent bits of information. But only 
one bit can be passed along to the ollspring froni each par- 
ent. The question is, "Which one?" 

Once again you can use the "keep it simple" rule of model 
building- About The simplest answer .to the "which one** 
question is "either one." That is, you can' assume one bit 
has as much chance of bemg passed on as the other. 

In a moment, you will blindly select one square (bit of 
information) from each bag. Either square in each bag has 
the same chmice of being selected. 

□ 4-20- Place a check mark in your Record Book , next to 
each combination of squares listqd below that you could pick. 

Two bro\Yn squares 

On^ brown square and one colorless square 
Two colorless squares 

ACTIVITY 4-6. Without looking. rAch In and take one square 
from each bag. Indicate with a check mark In Table 4-1 In 
your Record Book the combination of squares you got. Return 
each square to the bag from which it came. Shake the bags 
and repeat the procedure at least 60 times. 



One of (ho difficult things for students to ac» 
^ept in genetics js the idea of chance Mendel 
recogniied this chance factor, and realized 
that it would require relatively large numt)ers 
of offspring before a pattern of inheritance 
could be determined Thus, in question 4-20, 
all three combinations are possible However, 
if one bit were drawn from each bag only 
three times, it is fvghly unlikely that the three 
combinations would be attained Incidentally, 
for your Information only, you will note that 
the middle combination (one brown squlire 
and one colorless square) Can bo obtained in 
two ways: a brown from the first bag and a 
colorless from the second, or a colorless from 
the first bag and a brown from the second. 
Each of the other combinations can only be 
obtained one way This explains why there 
ahOLild be approximately twjce as many of th.e 
middle combination as there are of either of 
the other two. 




Note The success of this activity depends upon your honesty. 
It may be possible (o (ell the squares apart by the way they 
feel Do not let this influence you. Take the Jirst square you 
toych each time. 
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ActudMy. 60 tr}a»8 Rr<} !oo low lilblo 0 1 

BhouifJ show !ota!s ot anp'OH'^'au^'v 
lfj„30^l5 When iho cJato is onlofed m Tat>ii? 
^1 ? it sImulcJ show apprnximaleiy 4S or 
a founded-otf rguio ol 3 to i However wjlh 
this number q\ trials, it is not usual to yoi 
lOundod'Ofl rntioe closer to 2 to 1 Of 4 to 1 
It this bothofs the students. Iiave thorn do a 
greater number o\ trials 



Sixty trials may seem Hkc a lot. You might think thai two 
or three times would be enough. A little later you will sec 
why so many trials arc necessary. 



Tabl« 4-1 



C0MBINA1 IONS OF SQUARl^S IN SIXONO GENhRATlON 





2 Brown 


1 Brown 
1 Colorless 


2 Colorless 


Check 
marks 








Totals 
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IJse the data in Table 4-1 to compleie Table 4-2. Remem- 
ber that each pair of squares represents a second-generation 
offspring. Remember also that brown bits can mask while 
bits. 



TabI* 4-2 





y 








Number of 
Brown-seed 
Offspring 


Number of 

White-seed 
Offspring 










Total 














Rough 
ratio 


\ 




V 




r 




Roundcd-off 
ratio 


to 

1 



□ 4-21, How does the ratio of brown to white in Tabic 4-2 
compare with the color ratio you actually found earlier (Table 
2-1)? 

Did you find three combinations of bits for brown ^cans 
for every one resulting in white? If you did not, check over 
your work. 

Well, the two-bit model should have passed the test fairly 
well. It account^ for the observations you've made. To be 
sure that you arc clear on what your model says, let's try 
to state it clearly. 

75 




Anybody ^ 

GIVE ME 
TWO BITS 
FOR THIS 
BEAN ? 



Reviewing the (wo-hii model 



Thl5 l8 a good summallon of the two-bit model 
50 far. 



1. 



Excursion G-1 Is Interesting, but It is probably 
ft little premature at this point. It asks some 
questions about material in Chapter 6 that Ihb 
student has not yet studied. 



Every individual has two bits of ihformatjon for each 
fciiturc; the individual's appearance depends upon what 
those bits are. 

2. During reproduction, each parent passes to its offspring 
one bit of information for each feature. This gives the 
offspring its two bits for each feature. 

3. Chance determines which of the two bits for a feature 
is passed from parent to offspring. 

4. If an individual receives two different bits of informa- 
tion for a feature, one bit may mask the other. 

Your two-bit model is very much like the one now used 
by. scientists- A bit of information has been gotten as to what 
these bits of information are like apd where they are located. 
The story of how this information was gotten is quite inter- 
esting. When you get to Chapter 6, you'll have a chance to 

do Excursion 6-1, which will tell you a bit more about it ^^V^i ViH 
and about bits, too. If youVe really interested, you might want' ' ' 

to take a look at this excursion now. 



Problem Break 4-2 is Inrtportant It will test the 
student's understanding of the model. You 
may have to suggest a method for the student 
to use. He may use the brown and clear 
squares in the paper bags (with a large nufji- 
ber of trials for each case); he may use the 
diagram method: 



BB 



WW 




Bw^Bw 



PROBLEM BREA«J 4-2 

The two-bit model explained nicely your earlier observa- 
tions of bean seeds. But remember that a good model will 
help you to predict as well as to explain. Can the two-bit 
model predict as well as explain? Let's see. 

The results of three crosses with bean plants are drawn 
on page 54. For two of the crosses, the offspring's beans have 
not been described. It is up to you to use the two-bit model 
to predict what color the offspring's beans will be. Discuss 
your results with your teacher, your classmates, oi: both, y/rite 
in your Record Book a brief descriptiot\ of how you used 
the model to predict the bean colors.- 



Or he may use the '•square" method: 



B B 



w 



w 



Bw 


Bw 


Bw 


Bw 
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B««n CroM #1 










Piir©-8traln 
( 8 whlte-boan 
parent 


X 


Pure-Strain 
brown beon 
parent 




Brown-bean 
first Qonerstlpn 
plant* 


Bmmn Cross #2 










Pj Brown-bean 
u 1 ^irst gonoratlon 
plant 


X 


Pure-atraln 
white bean 
plant 




7 bean plants 


Bmmn Cross #3 










Brown-bean 
\^ flrst generation 
plant 


X 


Pure-atraln 
brown bean 
plant 




? bean plants 



Hint In solving the problems, vqu may yvant to set up expen- 
menis like (he ones shon'n in Activities 4-5 and 4-6, ' 



Students may be reluctant to try other models 
after they have seen the apparent- success of 
the two-bit model. They should find that 
models with more than two bits are cumbe 
some to use and will probably fail to explain 
past observations. 



PROBLEM BREAK 4-3 

Will other models work as well as your two-bit model? 
Here's your chance to find out. You may test as many models 
as you like, but do not spend more than one periqld on this 
activity. As a start, you might try a three-bit model; then 
a four-bit model; and so on. 

F:irst, insert some number other than one ot two in the 
model description given below, (You've aj ready used those.) 
Then try to use the new model to explain your bean-sccd 
observations. Describe the results in your Record Book and 
state whether or not the new model is a good one. 



bitsl of information for each 
nee depends upon what 
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1, Each-ittdividual has 
feature; the individual's appea 
those bits arc. 

2, Dunng reproduction/each parent passes bit(s) 
of information for ea«h feature to its' offspring. This 
gives the offspring its \ bits. 

3. Chance determines whicia bits are passed frorrt parent 
to offspring. 

4. Some bits of information m]^71rT^^pk other bits of infor- 
mation. 



Suppose you were given some brown bean seeds but were 
told nothing about their parents. How would you know 
whether or not they were a pure strain? Could the tw^hit 
model be used to explain the background of these seeds? 
Let's 6nd out. 

According to the two-bit model, a plant may c^^irry bits 
of information that don't show, because, one bit of informa- 
tion may mask another bit of information. Scientists find a 
test cross useful in finding out if organisms have "invisible" 
bits of inlbrmation. 

In a test cross, you cross the unknown plant with a known 
plant. Let us consider the unknown plant first. If you were 
given some brown seeds, they could have either Of two possi- 
ble sets of bits. They could be either: 





Pur« 

(Two blt« tor brown) 



Impure (One bit for brown, 
on© for white) 



Let's see what would happen if you planted one of the 
brown seeds and crossecj the new plant with a pure -strain 
brown plant, - ' 

Figure 4-5A shows what the offspring wojuTd be like if the 
unknown ^ec^d had two bits of information for "Form 
brown/' Figure 4-5B shows what the offspring would be like 
if the unknown seed had one bit of information- for "Form 
brown*' and another for ''Form white.'^ 

FlQur« 4-5A \ 



Rgurtt 4-5B 



TEST CROSS 



This material on a tost cmsTr can bo usoful 
for two reasons. 

1. It can acquialnt the student with this Impor- 
tant procodure nnd give rules for carrying 
it out 

2. It can give him practice In using crossing 
diagrams, as shown in Figs. 4-5A and 4-58 



Figure 4-4 



-V- 



Pure ^ 
"unknown" 



Pur%-9tra(n . 
brown baan 




All brown-aeed offspring 



Impure 

'^unknown' 



Pure-atrain 
brown bean 




All brown-seed offspring 



7-^ 



Tho student s answers to those three ques 
tions should indicate that ho understands why 
the brown-bean (the dominant) plant should 
not be used m a lest cross whatever typg it 
18 crossed with, all flrst-gonernlion seeds will 
be brown. 



4-28, When the pure-strain white-bean plant 
is used m a test cross, there may be a differ- 
ence in offspring. When the pure-strain 
brown^-bean plant is used, offspring ^re al- 
ways ahke (brown) Incidentally, as used here, 
the term impure really means a hybrid, or 
•mixed-bit ' plant. The term hybrid has not 
been Introduced at this point, 
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If you wish, you can lest the two crosses shown in Figures 
4-5A and 4-5B with the plasuc squares and bags. 

□ 4-22. What color .seeds rcsuUcd from both crosses? 

□ 4-23. Does the cross shown in Figures 4~5A and 4 5B tell 
you whether your unknown seed was pure or impure? 

□ 4-24. E^cpbiin why a pure -strain brown-bean pl|int is not 
a good plant to use in a 4est cross. 

Obviously, you have to make some other type of cross. 
Figure 4-6 shows such a cross; plants grown from unknown 
seeds are crossed with plants known to be pure strain for 

w^hile seeds. , 

I 

Figure 4*6 ^ 



''Unknown' 



Pure-strain, white seeds 




Half the seeds are brown Half the seeds are white 



'□4-25. What color seeds resulted from the two crosses? ' 

□4-26, Compare your answers for questions 4-22 and 4-25. 
How do they differ? 

□4-27, How could you use a cross like this to tell whether 
your unknown seed was pure or impure? 

□4-28. Explain why a pure-strain white-bean plant and not 
a pure-strain brown-bean plant must be used in a test cross. 

□4-29. What ratios are found in a test cross using a pure- 
strain white bean? 

Now you should tackle Problem Break 4-4 to see^how well 
you understand the idea of a test cross. 



PROBLEM BREAK 4-4 



Suppose you were given some smooth pea seeds but were 
told nothing about their parent plants. How could you find 
out whether they arc pure strain or not? Descnbc your ex- 
periment in your Record Book. 

• Ratios, ratios, ratios. You either have to be tired of them 
by now or very suspicious. Aren't you suspicious of the 3-to-l 
ratio that keeps showing up in peas, beans, and tobacco 
plants? A .scientist rarely accepts a fact without proof. If you 
would like proof of why certain ratios keep reappearing, turn 
to Excursion 4-1, "Don't Flip over This." 

\ 

\ 

R#mlnder Don V forget fo watch your fruit flies daily. Before 
going on, check your planning chart to see where you are in 
your fruit 'fly experiment, > 

Before going on, 0o Self-Evaluation 4 in your Record 
Book. 



Encourago students to describe a test-cross 
exporimeni, and no! )u3t to say grow the 
smooth poa seeds for several generations ' 
Allhough this might pcQ^ide the answer, it 
would lake a much longer time. 



4*:<»iij:v-ir«:L^i 



Excursion 4-1 will generally be enjoyed by the 
students. You may have to loan some coins. 
It Is a good exercise to help understand 
chance or probability. 




GET IT READY NOW FOR CHAPTER 5 - 

Students wlH need small pieces of PTC 
(phenylthlocarbamide) paper for the taste 
tent. The strips In the supply vial are about 48 
mm X 7 mm artd can be cut Into 4 equal 
parta, 12 mm long, for economy rea^pns. 
These pieces should be placed in a capped 
vial markfJd ' Taste Paper A," Plain white 
paper that Is similar in texture should be cut 
In Identical sizes and placed in a second 
capped vial marked "Taste Paper B '* These 
will serve as a control. PTC is a harmless 
chemical, but some students may find the 
taste objectionable. You nilght consider hav- 
ing a few mints or candie^wallable for use 
^.y, after the taste tests. Or^udents might be 
' allowed to rinsft their Souths at the water 
' baslh. 



V 
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EQUIf?MENr LIST ^. 
P«r studont-learfi 

2 or more pieces PTC taste paper A* 

i Of more pl«C03 gntrefltecl tdstfi pflpdr B * 

Either Heads or Tails 



CHAPTER EMPHASIS 

The tw6'bll model is used to pred'ct nod ex- 
plain the Inhofilance of oither-or * (oalures m 
humans. 



Chapter 5 



There are no excursions keyed to this chap- 
ter. 



It's tirnt to take a good look at where youVe been and where 
youVe going. It's taken you four chapters tq develop your 
"two-bit model." The two-bit model you've built assumes 
that: 

1. Each individual has gotten from its parents two bits of 

ittformation for each feature. 
2i During reproduction, each parent passes to its offspring 

one bit of information for each feature. 

3, Chance determines which of the two bits js passed from 
parent to offspring. 

4. If an individual receives two different bits of informa- 
tion for a feature, one bit may mask the other. 



MAJOR, F^OINTS 

1 Now that the two-bit model-has been de- 
veloped, It can be tested with human features 
2. Some human features, such as ability to 
taste PTC. are of tho oilhor-or type. 
3.. ThG bit of information that appears to do 
tho masking is called dominant. 
4 The bit of information that appears to be 
masked Is said to be recessive. 

5. A dominant bit may be represented by a 
capital letter; a lower-case letter is usually 
used for the recessive bit. 

6. The tv^p^it model works well with either-or 
human features. 

7. Family trees of either-or features are help- 
ful In understanding human inheritance. 

8. Predictions about features of parents or 
offspring can be made in terms only of proba- 
blllty» not of certainty 




The model seems to work with pea seeds, bean seeds, and 
tobacco plants, and you will soon be finding out if it works 
with fruit flies. But can the model help to explain how human 
parents pass their features on to their children? Let's try to 
find out. 

' First, you'll study tfie ability of people to taste a harmless 
chemical called FTC (phenylthiocarbamide). To begin the 
experiment, you will need four or five strips of paper that 
have been soaked in PTC. 

So 



Only small pieces of^ taste paper are neces- 
sary See the teacher notes on page 57. 
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JVCTIVITY 5-1, Put a piece of PTC paper Into your mouth and 
chew H. Have severaf ol your classmates chew PTC pap«r* 
Also, check with any others who have already chevved PTC. 




The PTC Is an oxample of an elther-or feature. 
II is either tasted or not tasted. About 70% of 
people experience a bitter taslo. while the 
ot)ier8 taste nothing Therefore, in question 
6-3. there should be no "In-between" re- 
sponses. 



□ 5-1. If anyone could taste the PTC, how do they describe 
the la5le? 

□ 5-2. How did those who could not taste PTC describe their 
experience? 

□ 5-3. If anyone got a different- tasle from the others, de- 
scribe it- 

□ 5-4, Every student might have chewed something to pro- 
vide a control for this experiment. What was it? (Go ahead 
and have them do it as a check, if you wish.) 

As you have just discovered, some people can taste PTC 
and some cannot. Figure 5-1 shows the response to PTC 
among members of a make-believe family^the Smith fam- 
ily. Look it over carefully. Notice that the chart shows 
vvhethe;- or not each family member could taste PTC. It also 
shows how all of the family members are related to one 
another. 

Now let's try to \jsc the two-bit model to explain the Smith 
family data. The description of the model on page 59 may 
be helpful as you answer the next few questions. 
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Begin by looking^at Grandfather Smith and Grandmother 
Sniith. One is a taster, and the other one is a nontaster They 
had four children. 



8i 



Qramtf«th«r Smith 
Taster 



f 



T^d Smith 
Tt5tor 



o o 



Grandmother Smith 

Nontastor 



o o 



Ff^d Smith 

Taster 



Mary Smith 

Ta5tor 



Figure 51 



Qrandfathar Jonat 

Nontastor 



John Smith 

Tasier 



O O OG O O O O 



Sara Jonca 

Nonta/jler 



Grandmother Jonat 

Nontaster 



oo 



Harry Jonaa 



' Sam Smith 




Jana Smith 




Mlk« Smith 




Sally Smith 


Taater 




Nontoster 




Tastor 




Noniasler 


oo 


o o 


oo 


o o 



Tom Jonaa 

Nontaster 



oo o o wo 



□ 5-5. Suppose you assume that the two bits of information 
for tasting PTC are "taste" and '^noniasic/' Which of these 
bits seems to do the masking, and which is masked? Look 
at statement 4 of the tvvo-bit model on page 59 before an- 
swering. 

Scientists usually call the bit for the feature that does the 
masking the dominant bit. The bit for the feature that is 
masked is usually called the recessive bit. Usually they use 
a capital letter, such as T, to represent the dominant bit and 
a small letter (like t) for the recessiVe bit."^ 

Under each name ir^ Figure 5-1 in your Record Book are 
two circles: The circles represent the two bits of information 
of that person for tastef or nontaster. Al^suming thatT stands 
for the taster bit and t for the nontaster bit, you are to 
properly label each circle with a T or a t. Your answers to 
questions 5-6 through 5-9 may be of help to you. 

According to your two-bit model, every member of the 
Smith family has to have two bits of information for tasting 
PTC, 



5-5- The '\ta3to" bit seems to do the masking 
The fact that all four chjidren of Grandfather 
and Grandmother Smith were taster^ sug- 
gests that a cross of a pure-stram taster and 
a pure-alrain nontaster resulted In a first gen- 
eration all with the same feature If this is the 
case, then In qu<Ji3lion 5-6, a nontaster must 
bo tt. Otherwise the dominant. T, would mask 
the recessive, t By the same reasoning, in 
question 5-7 a taster may be^ either a Tt or a 
TT. Using the foregomg, all the tasters and 
nonta^ters In Figure 5-1 could bo filled in as 
follows: 

Grandfather SmIlh-TT* 
Grandmother Smith— tt 
GrantJfather Jones— tt 
Grandmother Jones— tt 

Ted Smith. Fred Smith, Mary Smith, and John 

Smith-all Tl 
Sara Jones. Harry Jones, and Tom Jones— all 

tt 

Sam Smith and Mike Smith— Tt 
Jane Smith and Sally Smith— tt 

*The grontfist uncertainty Is with Grandfather Smith. 
He could be either TT or Tt and still have four Tt 
children Also, all his brothers and sisters could be 
either TT or Tt (question 5-^). 



□ 5-6. Which two bits (T or t) must every nontaster have? 
Why? 



Use the correct letters to label the bits (circles) of all the 
nontastcrs in Figure 5-1 in your Record Book. 
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□ 5-7, la'^tcrs might have ciihcr of iwa combinations of two 
bits! What nrc the two combinations? 

□ 5-8. What- two bits of information fbr taste does John 
Smith have? ^ 



^. • In answerinr^ the iast question, you can be sure that John 
Sniitjii has ai leasi one bit for lasie (T)^ccausc he is a taster. 
y ^ ^ ftjuit it not so ea^sy to decide w^iaf John's second bit of 
! r ^ information is. Foq a clue, you should look back at the fca- 
* . ■ tures of^hi^ parents. ^ 

/ /^V3v^QB->9. You shoul^ fiave.no trouble figuring put what two 
' f y^^^^^'^^ ^'^^ -^^^ tasters in Figure 5rl except for 

J: >^; prandfathcr Sjrnith. SupposeWou found our (Jhal all of 
^^m^^i^df^tther .Snillh's brother? und sisters had been tasters, 
^wo letter^ would you givfe Grandfather Smith? 
p in the prop^er letters for all the tasters in Figure 5-1 
'our Record Book. 



■ y 





Have yop^vcj-^^ked closely at people's ears? No! Wellr 
here's yourchihcf. Ears come with eilher attached lobes or 
unattached tobes. Figure 5-2 ^;hows the diflTeTrence between 
the two. >\ . , * 

A^thoihgh.^t'S Jiol always easy to tell whether a person's 
' ^' ' egr lobes c^afcffitiached or unattached^ (some people have one 
Figure 5-2^^ Vf each), yotynran usuallyjdecide ojne way or the other. 





A few years ago. Dr. \ S: Wiener of New York Cily 
checked the members of a large Tamily to find oul if their 
car lobes were attached or unattached. Figure 5-^3 shovys what 
he found In the figure, squares reptcsent men and boys, and 

^ circles represent women and girls. Bhickened circles or 
squares indicate unattached car lobes. Those with no shading 

, represent people with attached lobes. Study the chart care- 
fully/ ^ 



Figure 5-3 



Grandparents 
aro/it A 



P«r#nt3 



Children 





6 



Ch)|d ^ 



= Female with unattached ekr lobe* 
= Female with attached ear lobeis 



= Male with u|iattached ear lobes 



□= 



Male with attached ear lobes 



□ 5-10. Look at Child A, Explain why you think parent, A 
is a pure strain for nnattached ear lobes or not. 

□ 5-11. What evicfence do you find -in Figure 5-3 that one 
bit Of information masks another? 

□5-12. According to the two-bit model, what two bits does 
parent B ])robably have? What two bits doe^ child B [Tave? 

□ 1^13. Explain your answer to question 5-12, 



Another either-or human feature that is easy to study is how 
wdl people can roll their tongue. It's kind of fun to get data 
on this. To get the data, you will need to work ^'^^ partner 

8st 



This is a very difficult series* of ^questions. 
Without knowing whether a shaded figure 
represents a dominant or a recessive feature. 
It is ftnpossible to tell whether parent A is a 
pure strain But if you Examine the progeny 
of parent B. you can see that it would be 
highly improbable that a recessive feature 
would be found in all si> of the children. It Is 
far more lively tliat^the shaded^'figures (un- 
attached ear lobes) represent the dominant 
(eaturo. If this Is true, theri child A must be 
y^—a pure strain of the^c^sive feature, and 
/ parent A would h^v^ the bil dominant and 
one bit re^fftssive, oi^. in other words, would 
not be a pure Strain. 'By this r.easoning. parent 
B is probably a pure strain for unattached oar 
lobes, arib child B probably has one bit for 
unattached and one bit for attached ear lobes 
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ACTIVITY 5-2. Slick oul your tongue and try to roll your 
tonguff as shown. 

05--I4, Are you a (ongue roller? 

Collect data from your classmates. Ask them to roll their 
tongues for you. 

□ 5-15. How many of your classmates can roll their tongues? 

1 DS-ie. How many of your classmates cannot roll their 
tongues? 

Figure 5-4 diagrams the way tongue .rolling is inherited 
in the Johnsor^ f^mily^Look it over carefully. Once again, 
squares staftS for boys and men and circles stand for girls 
^and women. Slackened circles and squares "represent. people 
who can roll their tongues. White circles and squares stand 
for people who cannot. v— 



Figure 5-4 



/* St©w 




Grandparents 





Lols^ - Jbhn Elolse Steve Ma 



no 



rk 




Sharon 



Hannah Martha kn 



Parants 



G B 

Sandy Dantel- Nancy ^ 




Children 
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The next few questions deal with the bits of information 
of the people shown m Figure 5-4, In answering the question 
et the letter T stand for the tongue-rolling b.i and the letter 
, t tor the non-tongue-rolUng bit. You can also assume that 
T masks t. 

5«-17. What bits of infonnation does Stew Johnson proba- 
bly, have? ^ 

□ 5-18. What bits does Mark Johnson probably have? 

□ 5-19. Why did you answer question 5-18 as you did? 

□ 5-20 What bits of information does Sharon Johnson 
probably have? 

w 

•.f 

Well, by now you should have come to the conclusion that 
the two-.bit model works quite well for human features as 
well as for those in plants like beans and peas. The problem 
breaks that follow will give you the chance to find out if 
»t works for your features and your friends' features, too. ' 

PROBLEM BREAK 5-1 

Listed below are several common features of people You 
arc to select one feature from the list for study. Your problem 
wiU be to make a chart like the one shown in Figure 5-3 
for your own or a classmates family. The chart should show 
how grandparents, parents, and children loojced in terms of 
the feature you pick. 

Not everyone knows enough about his relatives to make 
a char^ like Figure 5-3. Your biggest problem may be to find 
someone who does. As a hint, family photographs are often 
a good source for information of this kind. 

When your chart is complete, you are to use the two-bit 
model to explain what you find. The chart and your descrip- 
tion of how the two-bit model applies to it should be recorded 
in your Record, Book. 

1. Hitchhiker's thumb.. If a person can bend the tip of his 
thumb so that it forms a gJeater than 45° angle with 
the rest of the thu'mb, classify it as a hitchhiker's thumb. 

2. Dimples. A dimple is af dent" in either the cheek or 
' the chin. . ^ 



5 17 t( 



5-18. TT 



5-19 and 5-20 Sharon Johnson. Mark's wife 
must be tt In order to show the non- 
tongue-rolling feature. But their children all 
are tongue-rollers, so thoy all must have a T 
bit. This coulej not come from the .Tiother so 
the best probability is for Mark to be TT 

In Problem Breaks 5^1 and 5-2 the student is 
asked to draw charts of the -family-tree- type 
You will have to exercise Judgment on this 
There may be students in class who. for vari- 
ous reasons, cannot come up with this \lnd 
of information. You might even have to gener- 
ate dajjj In some cases-that is. make up 
sample family trees. 
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3. Widow's peak. The hairline across the forehead may be 
either straight or pointed doNvnward i^i the center. This 
point is called a "widow's peak." 

4. Gap between teeth. Some people have a gap between 
their center upper teeth. Usually a small piece of their 
gum sticks down between (he teeth. Other people's teeth 
are close enough to touch each other. 

PROBLEM BREAK 5-2 

Now here's your chance to make a chart for your own 
famjly—using the tongue-rolling feature. Test as mtftiy mem- 
bers of your family as you can for the tongue-rolling feature. 
Record your findings in a table in your Record Boo|c. If any 
of yotir brothers or ^isters are married and have children, 
you can continue the family tree downward. If you can get 
data on your grandparents, you can continue your tree up- 
ward* 

Note If you do not live with your fa%ily, get data from a 
n eighbor, friend, or classmate. ■ 

When you have all the^mformation you can get, draw a 
chart for tongue rolling. Re^iVmber that your chart should'^ 
show the relationship betweenNfimily members as well as 
whethej^ they are rollers or nonroUers. 



ll^Whcn your chart is complete, sec if you got the sam>> 
pattern as that shoxviv in |-igure 5-4. You may abo want to 
look at the . family trees of your cla.ssmate.s to sec if there 
arc patterns diflerenl from yours. Keep m mind thai the bit 
of information for tongue rollers (T) is dominant and the 
one fcJt nonrollers (t) is recessive. 

By now you may be quite c6nridcnt of your two-bit model. 
It scfcms to have worked quite well for the activities so ^r. 
But up to now you have looked only at the inhen^ance of 
single features. In the next chapter, you'll have another 
chimcc to practice using your model. This time, though, you 
will look at the inheritance of several features at the same 
time. 

Reminder Don't Jorge t to watch vour fruit Jlies Hailv. Before 
going on, check /our calendar to see where you are in yoi^r 
fr^if-fly experiments. 

Before going on, dp Self-Evaluation 5 In your Record 
Book. 



GET IT P^EAOY NOW FOR CHAPTER 6 

You need to work out a system for keeping 
the plnsect parts jn sets Numbered shoe or 
cigar boxes would be fine. The nfnsect 
pieces, transparent guide cards, and IBM 
cards. Jn random order, should be readily 
accessible in the room. Insist that students 
return carcjajand parts promptly after upe If 
you feel that you heed Additional guide^rds. 
they can be duplicated on any transparent 
acetate sheet. At this point, some students 
should be terminating their fruit-fly experi- 
ments. Be sure that they dispose of the flies* 
and clean up and return their equipment. 
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EQUIPMENT LIST 
Pmr ntudent'toam 

1 transparent guide card 

1 set of ninsec! pftrts 

2 pap<)r clips 

P©r Clll99 

1 3«l Of IBM punched cards 



Meet the Ninsec) 



Excursions 6-1 (gonoral inloresi) and 6-2 
(onrichment) are based on Ih.s/'chapier. 

\ ' t 

^Iht '° P^Pl^ -ell 

as w,th beans, peas, and fruit Hies. You can u e i ,o prcdic. 

or'Z 'h - 'o ben' CO „ 

or roughness in peas. \ 

But so far you've been studying-] u.^,e t^eature at a tinie 

ZTSf ^."1 ' o/Veatures t^ the.r offsprin^: 

Will the two-bit model work when you try fo follpw s^eral 

oTZ'' ''"^^ •-vhat'yW.I t'ry :o fi^d 

Have you ever: see'n creatures like the ones Ihown in Figure' 
6-1? Probably not. because they are make-bel'lieve beasts We 
invented them tc? -give you another animal tl^Vs tairly easy 
o study. They are called ' ninsfects." Your problem w' II be 
o make an imaginary mating of a pair of ninsects and to 

ZllV^ I"' ^'^'P'*"^ J'*^^- ft^st let's 

eiicck the Cjaturcs that make up a ninsect. 




CHAPTER EMPHASIS • 

Th« two-bll model can be used to follow sev- 
eral f(jBtun»8 at the same lime m a mak&. 
baliovo organism called the ninsect 

Chapter 6 



MAJOR POINTS 

1. A Simulated organism can be used as an 
aid In the study of inheritance of mulUple 
features 

2. The two-bit model is useful in predlcflnl 
and explaining the geneflc inheritance of sov- ■ 
oral features 

13. Random choice of an IBM data-card simu- 
lates the random chance of either one bil or 
jthe other being passed from parent to . off- 
spring. 



Figure 6-1 • 

Take a cl6se look at the two ninsects in Figur^ 6-1 Try 
to find eight differences in the features of the twd. In you^ 
Rccqrd Book, list the>differences that you fiVd. 



Ninsect B 



Sex oiaracteristlcs are not used with the 
ninsec because of the complex situations 
that rray arise in sex . linkage and sex- 



ned traits: 
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6-1 Tho two-bit fnocJei postulates two bus of 
mtormation to* oach of tl>o eight todiurt--. 
Thoretore two nmsects could be ditteront m 
Q»ghl separate ways 



□ 6-1. According to the (wo-bK inodel, what causes the two 
ninsects shown to look so difFcrent? 

In a monicnl you will be asked to make two ninsects and 
to predict the features of their offspring. The eight features 
that you will study arc the ones that make the two ninsects 
in Figure 6-1 look so diflerent. To be sure that you caught 
them all, take a look at Figure 6-2. 



7. Wing pattern 
(plain or spotted) 



6. Antenna — 
(straight or curly) 



1- Eye color 

(black or white) 




5. Leg length 

(long or short) 



Figure 6-2 



4 



4, Stinger 

(present or absent) 



According to the two-bit model, every ninsect has two bits 
of information for each feature shown. 



Although the answers to these two questions 
are given on the^next page, encourage stu- 
dents to try to undersiand why there are a 
total of 16 bits 8 from each parent, and not 
to ju5t change their answers to conform to the 
ones' given. 
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□6-2. Alto^thjer, how^many bits must each nin§ect have for 
all eight featul 



The model assumes that each ninsect gets one bit for each 
of the eight features from each parent. 

□6-3. Altogether, how many bits does each parent pass to 
its offspring? 



Check your answers to questions 6-2 and 6-3 by turning 
your book upside down and reading the bi^ttom of this page. 
If your answers were not correct, you'd better review Chapter 
4 before going on. | 



Okay, now you're ready to mate a pair of ninsect<t To do 
this, you will need Juiy two of the punched "parent" cards 
that are in a stack, in the supply area, and a plastic ninsect 
guide card. 

Lay the two punched cards on the desk before you. Notice 
that eight groups of holes have been punched in each card. 
The groups of ho)es in one of the cards represent a set of 
eight bits of information from one ninsect parent. The groups 
of holes in the second Cflrd stand for the eight bits from a 
second parent. Your job Avill be to figure out what kind of 
ninsect offspring would result fi^m this combination of six- . 
teen bits of information. ' " 



PLAYING THE GAME 

Emphasize random choice of Iho two cards. 
Also, when cards are returned after use in the 
activities, they should be slid back into the 
pack, randomly. 



ACTIVITY 6-1, Slide the plastic guide card over one of your 
punched cards as shown. Notice that each group of holes 
represents a bit for one fe^ure. Notice also that some holes 
fall on the D line and others on the d line. 



Bollom row 
Top row 




Slide plastfc guide 
ovsr card 1. 



iiuiuuiL 



lUUlflfl 



§5 
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mm 
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il 



mm 



1 1 

00 
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Now use ihe plastic guide carci (o 'Vead'' the two punched 
. /cards (the bils from , the two pl[iren(s)- Table .6-1 in your 
. ^ec9rd'Book gives you a place to describe the bits of infor- 
mation that are punched into each of (he parent cards. Leave 
Table 6-1 ; the Appearance of Oflspnng column blank for now. 



Feature 



Bils of Information 



Parent (card) ^ I 



D or d 



Appear- 
amcc 



Parent (card) #2 



D or d 



Appear- 
ance 



Appearance of 
Ninsecl Offspring 



lye ^olor v 

(black (D) or white (d)] 
Body color 

IstFipcd (D) or plain (d)]. 
Body sliapc 

[chunky (D) or slender (d)) 

Stinger * , 

(present ,(D') or absent (d)) 

Leg length . ; 

[long (D) or stiort (d)) * . 

Antenna 

- ♦ 

(straight (D) or curly (d)) 
Wing pattern 
(plain (DJ^ or spotted (d)) 
Wjng 5iize 

Pargc (D) or small (d)] 
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: What the offspring will look like depends upon the bits 
of information it gets from its parents. As yoil complete the^^ 
right-hand column in Table 6-1, reme^iiber D features always 
mask d features. If one parent's bit is D black and the other's 
is d white, the offspring will show the dominant feature. 

□ M. Which bit i^ d9minant, D black or d white? 

You have no problem when the bit> from both parents 
are the same, if both parents pass on the bit D black, that • 
is what your ninsect inherits. If both pass on d white, your 
ninsect inherits d white: Using what you have learned about 
dominant and recessive features, complete the right-hand 
column in Table 6-1. 




ACTIVITY 6-2. Using the Information In ftie right-hand column 
of Table 6-1, pick the body pieces you need from the box of 
nintect pans In the supply ar*a. Then build your ninsect 
offspring. 




ACTIVITY 6-3. Attach a paper clip to each of the two parent 
c«rd« you just used. Set these cards near the ninsect you lust 
constructed. i 




ACTIVITY Pick two more parent cards from the stack In 
th« supply area. 



Probably one thQ greatest problems you will 
experience in this chapter is the shortage of 
the ninsect parts, so that only a limited 
number of students can be working on the 
activities. Encourage students to return the 
parts carefully ^ind *prompjiy when they have 
finished With them Extra.sets could be made 
on cardboard (or on paper glued to card- 
board)., with considerable labor. 




Card 3 
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These two new cards will give you the bits of information - 
for the parents of a second offspring. Read the information 
for each feature from both cards and record these data under 
, the Parent columns in Table 6-2. ' ' » 

Table 6-2 Complete the right-hand column in Tabic 6-2. 



7 

Feature 


Bits of Information 


* 

Appearance of 
Ninsect O/Tspring 


Parent (card) # 1 


- Parent (card) #2 , 


D or d 


Appcar- 
ani:e 


D or d 


Appear- 
ance 


Eye color ^ 
(black (D) or white (d)] 
Body color 

[stnped (D) or plain (d)) 
Body shape 

(chunky (D) or slender (d)) 
Stinger 

(present (D) or absent (d)) 
Leg length 

(long (D) or short (d)] 
Antenna 

(straight (D) or curly (d)) 
Wing pattern 
(plain {Q) or spotted {6)\ 
Wing size 

(large (D) or snrtall (d)] 




( 






i 
i 



ACTIVITY 6-5. Build your second ninsect by picldng the right 
^ body pieces from th6 box iri the supply area. Place this ninsect v 

- ■ offspring next to your first offspring. 
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^"^^2 Cartia Card. 

ACTIVITY 6-8: Put cards 3 and 4 below the new ninsect. 

If your class period ends before you finish thisrchapter 
put the ninsect body p.cces back in the box in (he suppW 
area: But keep your four cards. Put the cards in a safe place 
until you can continue. When you sim again, you can easily 
rebuild your two nmsects, using the information from Tabloi 
0-1 and 6-2. 

The two ninsects^WHi j us f crea text will soon be the proud 
parents of four "n^spring." Your problem is to figure out' 
what Uiese creatures will Ipok like and to build a picture 
ot each out of ninsect parts. ^, 

The holes in the two cards blW each soon-tolbe-parent 
^sect tell you what set of bits it got%m each of i(s:parents 
Your two^bu model tells you that each .new parent mnsect 
will pass along one of these two sets of bits of information 
to each of m noffspring. But which set of bits wUl be Passed 
to whicJh>.nofrspring? . / 

□ •-5 What will determine -which set (cajd) of bits (holes) 
will be passed by each parent to the first noffspring? 

Check your answer to question .6-5 by^tuming your book 
upside down dnd reading the bottom of This page.^ 



The relatively few cards (hat may be out will 
not attect the results with other students. 
However, you stjouid impress on the students 
the importance of safe care of the cards. 



GETTING A SECOND 
GENERATION 



\ 



-oojd uiopuBJ S19S puB siiq JO sgumiofoj pUB SUOUBJed^S 
n« IBip puinssB ppoui ODUBibaqu) juq -ssjoo^d luopupj 
pouvo SI 'uo passed aq o) ^Dueqa ienba «b seq ps /Cioad ajoqM . 
^^"^^^ JO poi^ smx Joqio oqj ueqi ^o^w^o jojpq ^ '^r!u ^3s 
wmiau puv '^o J9qii9 aq p,noD n :9Dui>t^o Xq popmp si 
laojFd Kq uo ppssed oq niM siiq jo )3S qoiq^ s-gQ 
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If you had (rouble, turn back for hdn to page 53. The 
(wo-bit model is sumniarlzQ|i|hcrc. 

Karlier, you learned iliai'^nce determines which bits of 
information arc passed from a parent to an offspring. Tlvis 
means that either set (card) of bits (holes) from one parent 
might combine with either set (card) of bits (holes) from the 
other parent to form a noffspring. Let's consider what com- 
binations of cards (and bus) arc possible. Take a look at 
Figure 6-3. 



Q6-6. How many possible combinations of s6ts of bits arc 
shown in Figure 6-3? 



FIgur* 6-3 



Oth»r Nlnascl Parwnt 

f 




One pos9tt>l9 
noffBprlr)o A 



II 



Another possible 
noffspring B 



Another possible 
noffspring C 



1 1 



Another possible ' 
noffspring D | 

■ J 
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ACTIVITY 8-7. Use the noffspring combination labeled "A" 
In Figure 6-3 to pick out two cards. The sets of bits on theee 
t two cards will determine what noffspring "A" will look like. 





V 












/ 




















J^i 







Q n 



\ 



J 



Let* call the cards with the paper clips attached 1q and 
the other 1b. The second set of cards we wiJl call 2a and 
2b. Figure 6-4 illustrates these combinations. 



2a 



lb 



2b^ 



Lcfs consider what combinations of cards (and bits) are 
possible. Take a look at Figure 6-5. 

1« can combine ^ith 2a or 2b. 



2tt 



1 



2b 



On« possibi* noftspring — A 



Another possible noftspring — B 



lb can also combine with 2a or 2b. 



r 



lb 



r 



r 



lb 



2* 



2b 



Another possible noftspring - C Another possible^offsprln^ - D 



. Jake the card that you are calling la and combine.it with 
card 2a ' 



Record the information for each feature from both cards 
in the middle columns of Table 6-3 in yqur Record Book 
Then decide what noffspring looks like and record this 
in the right-hand column. 



FIgur* 6-4 



• Normally students will not hove great deal 
-^f (rouble getting the four combinations of the 
ct'osses in Figure 6:3 Howevef «l they do you 
may vyani lo show them the Punnotf square 
mothod Have them draw a square, which 
they divide into 4 parts as shown below 
Across the top of the square, they can label 
la and lb Oowfvihe left side* they can enter 
'^^ and ?b as shown 





la 


lb ; 


2a 


la-2a 


ib'2a 




2b 


la-2b 


m^2b 





The possible combinations shown m the 
^square result from intersecting the top labels 
with the side labels 



FIgura 6-5 
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Feature 



Bus of Informntion 



ParciU (card) :ft I 



D or d 



Appear- 
ance 



Parent (card) #2 



D or d 



Appear- 
ance 



Appearance of 
Ninscci Offspring 



Eye color 

(black (O) or white (d)) 
Body color 

(slriped YD) or plain (d)) 
Body shape 

(chunky (D) or slender (d)) 
Slinger 

Iprescnl (D) or absent (d)J 

Leg length ^ 
, (long (D) or short (dj^ 
* Antenna i 

(straight (D) or cuifly (d)j 

Wirig pattern 

(plam (D> or spotted (d)) 
*^ Wing size 

(large (D) or small ^)) 



Tabl# 6-3 



Tabto 6^ 



) 



Consult Figure 6-5 and combine the cards for noffsprings 
^'B;^ **C;' and ''D;' Record these data in T^^les^^, 6-5, 
and 6-6 in your Record Book and complete the right-hand 
column of each table* ) 



Feature 



Bits of Infornniation 



Parcqt (card) # I 



D or d 



Appoar- 
anc^ 



J. 



^ Parent (card) #2 



D ortf 



Appear- 
ance 



Appearance of 
Ninscct Offspring 



Eye color 

(black (D) or white (d)) 
Body color 

(striped (D) or plain (d)] 
Body shape 

(chunky (l>|or slender (d)) 
Stinger ^ 

(present (D) or absent (d)J 

Leg Icrtgth ^ 

(long (D) or short (d)) 

Antenna ] 

(straight (D) or curly (d)l 

W^ng pattern 

(plAin (D) or spoiled (d)] 

(largc^tD) or small (d)l 



\ 



9ri 



I 





Bits of Information 






Parent (cArd) # 1 


Parent (card) :?^2 




Feature 


D or d ^ 


Appcar- 
• a nee 


D or d 


Appear- 
ance 


Appearance of 
Ninscci Oflspring 


Eye color 

ibiack (D) ur while (d)) 
Body color 

(striped (D) or plain (d)) 
Body shape 

(chunky (D) pr slender (d)J 
Stinger 

(present (D) or nbsent (d)) 
Leg length ^ 
(long (D) or shoi^(d)) • 
Antenna ^ 
(straight (D) or curly (d)] 
Wing patten^ > 
(plain (D).or spotted (d)] 
Wing size 

(large (D) or 5mtiII (d)] 


> 






* 





Tabl# 6-6 



Feature 



Eye color 

Iblack (D) or while (d)) 
Body color 

(striped (D) or plain (d)) 
Body shape 

(chunky (D) or slender (d)) 
Stinger 

(present (D) or absent (d)) . 
Leg length 

(long jD) or shorr (d)) 
Antenna 

(straight (D) or curly (d)| 
Wing pattern 
(plain (D) or spotted (d)) 
Wing size 

(Urge (D) or small (d)| 



Bits of Information 



Parent (card) # I 



D or d 



Appear- 
ance 



Parent (card) stl 



D or d 



1} 



* Appear- 
•-t ance 



Appearance of 
Ninscci Onrsprina 




6t8 The student should find diftprences in alt 
four. The chance that two noffspring would 
ever be alike Is rather remote. 



You shotild exercised judgment as to whether 
.this problem break ml^ht be optional for some 
/ktudents. TNs is especially true If yog .are 

experiencing a shortage of ninsect parts. 

Some students, hpwever, may definitely need / 

the further practice. ♦ 



r 



80 CHAPTER 6 



ACTIVITY ^-8, Construct your four noffspring by selecting the 
right body pieces from the box in ^he supply area. Place the 
noffspring below their parents for comparison. 

□ 6-7. In what ways do the features of the noffspring differ 
from the features of their parents? 

□6-8. How do the noffspring difffer from each other? Answer 
this by comparing the features of all four noffspring. 

PROBLEM BREAK 6-1 ^ 

When you get older, you'll sometimes wish that you coul4 . 
live your whole life over again. You'll thihk that you coijld 
do a better job of it the second time because you know so 
much mofe. This is your chance to live a part of it ov^r again 
right now. See i/yOu can get more out of it the^^econd time 
around- * 

Play the ninsect game one more time. Begin ^t the point 
where you randomly 'selected your first two punched cards 
(page 71). Repeat that page and continue again to (he page 
you are now on. Complete new inheritance tables to find 
out what another set of ninsect noffspring look likc^ 

It should be cl^ar by now how the two-bit model can help 
yoi/ predict the inheritance of features getieration after gen- 
eration. If the process of doing this doesn't become klmost 
second nature, repeat the same steps again. 



PROBLEM BREAK 6 2 



Here's a good chance to lest your understanding of the 
two-bit madcl and of inheritance in ninsects- You'll try to 
predict the features of parent ninsccts by observing the fea- 
tures of their noflspring. For this activity, you'll need to find 
M classmate who is ai the same place you are, 

ACTIVITY 6-9. Ask your partner to cover up hit parent 
nlneecta, J^tudy his noff spring and try to predict the features 
ol th#lr parents. He should do the same with your ninsects. 



NiNSECT ?mms 

? V 7 

? ? ? ? 

NOFFSPRING 



Draw a tabic in the space provided in your Record 
Book. Record your predictions there. When you and your 
partner arc finished, you should check your predictions by 
uncovering the parents. Discuss with him any differences 
b«wcen the actual and the predicted features. 



This problem break is difficult, but definitely 
good practice with the two-bit model The 
following suggestions may help the student 

1. If all four noftspring have a recessive fea- 
ture, both parents must have had the reces- 
sive feature and probably wore pure strain 

2. If all four noffspring have*a dominant fea- 
ture, one parent probably is pure-strajn domi- 
nant The other parent could have any combi- 
nation of dominant a,nd recessive bits. 

3 If thre^ noffspring show the dominant fea- 
ture and one shows the recessiOl^. then both 
parents must be hybrid— that is. have one 

ture. 

4. If two of the noffspring show dominance^for 
a feature and the other two show the reCes- 
alve trait, then one parent probably is pure- 
strain recessive and the other parent hybrid, 
or mixed, for the feature. 

It might be of Interest to you that the four 
cases listed here are the most probable com- 
Jnations of a feature in the noffspnng. For 
Ustapbe, from a genetics standpoint, the 
pro(5ablllty of one dominant and three reces- 
sive noffspring for a feature is low, and cannot 
be predicted from the two-bit model. * 



Mint: 'If you have trouble getting started, take a look at one 
feature at a time. ^ 

^ Your two-bit model for inheritance is very much like the 
model now used by scientists. The story of how the two-bit 
model was built in the first place reads like a detective story. 
Excursion 6-1, ''A Bit More About Bits/' tells thi§ story. 
' Take a look if ypu are interested. 

iMw going on, do Seif-EvalMation 6 in your Record 
Bo6k. y 



No •quipmant preparations need to b6 made 
for Chapt<fr 7, but Excursions 7*5 and 7-6 
require nruitaridls. and arrangements for fa- 
cHltias th4t you should check. 



Excursion 6-1 isJceyed here. It could be con- 
sidered general in nature, but will be enrich- 
ment for some, The historical basis of Men- 
del's work Is presented, and more recent 
Information on genes and chromosomes is 
given. ' * . 



Excursion 6-2, keyed in Excursion 6-1, Is for 
enrichment. It follows the expetriment that 
Meridel did with a dihybrid crcfes in peas. 
Then the student is given the opportunity of 
applying the "Punnett isquare ' method with 
two simultaneous features iA ninsects. 
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EQUIPMENT LIST 
No •qulpm«nt required 



Problems, Problems, 
Problems ' 



Excursions 7-1. 7-2. 7-3. 7-4. 7-5, 7-6, and 7-7 
ar9/^ey«d<to the chapter. 



In this chapter, you win have the chance to lest your model- 
building ability. If you took either the seventh- or eighth- 
grade ISCS course, you know that models must often be 
changed to explain new observations. The two-bit model that 
has worked so well up to now wiW^imply not explain the 
observations you'll make next. You^roblem will be to adjust 
the model so that it will. 



CHAPTER EMPHASIS 

The two-bit model is nwditled to Include 
blending and sex linttage. and the interrela- 
tion 6t intieritance sind environment is exam- 
ined. 



Chapter 7 

MAJOR POINTS 

1, Models must sometimes be modified to fit 
new observations 

2, Sometimes features'* of an organism^n- 
«tead of exhibiting dominant or receive 
characteristics, blend In passing frort^ parent 
to offspring. 

3, The way features behave In passing frofn 
parent to offspring Is sometimes different for 
each sex. 

4 The sex of an individual Is controlled by 
special kinds of bits j>f irftormallon passed on 
by parents. ^ s 

5. Both Inheritance ^pi^to- environment play a 
part in4he determination of some features. 

6. There are still many unanswered questions 
about inheritance. . 




Before you make your observations, let's review what the 
two-bit model says. You will recall that it has four parts; 

, 1. Each individual has two bits of information for each 
feature. What the individual looks like depends upon 
what those bits are. 

2. During reproduction, each parent passes on tb its off- 
spring one bit of information for each feature. This is 
how^he offspring gets its two bits. 

3. Each of a parentis two bits for each feature has an equal 
chance of being passed from parent to offspring. 

4. If an individual receives two different bits of informal 
tion for a feature, one bit may mask the other. 

Okay, here's your first^ problem. Good luck! \ 
TVo pure-strain morning glory plants, one with red powers 
and one wifh white flowers, produce four offspring, all with 
pink flowers. ^ 




IO4 



IMPORTANT NOTE: 

Teachers who have a great deal of knowledge 
in genetics -may be temptecflp go deeply into 
the subject yvlth their studAito^-There are 
many Inviting areas in this chapter. However, 
this was not designed to be a complete 
course In genetics, and we strongly recom- 
mend that you do not succumb to the tempta- 
tion 

» 

N 83 



Pink 




FIgur* 7-1 



7-1. Sometimes masking does not occur; In- 
stead, bits of information tend to blend 



Encourage students to come up witfi a solu- 
tion before going to Excursion 7-1. However, 
it IS a gaod exercise and will fielp explain the 
modification of a model. 



White 



Two of the offspring then produce four more offspring. 
(See Figure 7-1.) * 

Don't say you weren't warned! You're probably -jAaldng 
your head by now and saying, "Where did those pink flowers 
come from?" The two-bit model certainly doesn't predict 
them. 

Actiially, with a very'slight change, your model can explain 
the morning glory case. Read through the four points of the 
model very carefully until you figure out how you want to 
change it. Remember, however, to keep the change as small 
as possible, so that after it's made, the model will still explain 
the other situations you've studied. 

□ 7-1. Describe a change you can make in statement 4 on 
page 83 that will allow the two-bit model to explain both 
the bean data on page 59 and the morning glory data- 



Well, did you figure out the morning glory problem? It's ' 
^ctually quite a simple one. If you would like to find out 
y whether your solution to the problem agrees with ours, turn 
|:>:<tilj;t:i>]^^^ to Excursion 7-1, "Red, White, and Pink." That excursion 

will also help if you've hit a stone wall with the problem, ) 
but don't give up until you've really tried. 
Ready for another problem? Here goes! 
Some people are bom with a problem. Their hair is bound 
to fall out at some point in life. Experiments have shown 
that this tendency toward baldness is passed along from 
' parents, to offspring. Figure 7-2 shows the history of a family 
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in regard lo baldness. On the diagram, circles stand fbr 
women and squares stand for men. Black circles and vSquares 
stand for bald people, arfd white ones stand for nonbald 
people. . 

Look over Figure 1-1 carefully. Try to use 4hc two-bit 
niodel to explain what you see there. 

Because the baldness problem is a pretty tough one, you 
deserve a hint on how to solve it. Here's youf hint: 

In baldness, the bit of information that does the masking 
and the btt-Uiat is masked soipetihics switch places. But by 
a certain rule a4>out when the switch takes place, you can 
make good predictions. 

Flgur# 7-2 ^ — 




1 _ 












lOO 





6 



Can students see that th4 pattern of baldness 
(shading) only occurs m^the men (squares)? 



□7-2. pxplain how you could Change the two-bit model ^ 7-2. Apparently the 
described on page 83 to make il better able to explain Figure ^^oxuev is linked to 
7-2. 



masking 
the sex of 



of one bit by 
the individual. 



For tjhc moment, we're not going to give you any more^ 
help with the baldness problem. When you think , you have 
a solution, talk it over with a cUssmate, When you are pretty 
sure that your solution works or you can't get any farther, 
turn to Excursion 7-2, "Hair Heirs/' That excursion will 
t<y] you whether you have a good answer or will help you 
find out where you went wrong. 

Palm readers, crystal-ball gazers, and other fortune tellers 
arc often asked lo prcidict whether a woman will give birth 



Excursion 7-2 will help explain the concept 
of the dependence of some features on the 
sex of the Individual. 



■^:»:<»iiJ: 
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ExcurJfCn 7-3 is an onnchmeni excursion thai 
presents the X-Y mechantsm t(yr sex determi- 
nation 



i:>:<»':i;:v'^ 



E)^6ursion 7-4 exammos the sex-lmked rui!x»''^ 
of hemophilia It is for ennchmer^litiUl cC:>n 
tains much of general interesi 



1 1 > rv i> u t icx 



Excursion 7-5 is for enrichmeRt It points up 
the heredity-environmont mteractiO[i. Be- 
cause tobacco pjaats-wili .be. usacJ^ A!- iaftsi-.i.O-. 
days will be needed to complete th»s,actfvrty 

. |:>:<:»!i;:si>\^^ 



Enrichment Excursion 7-6- is based on a sim- 
ple activity to illustrate protective coloration 



Excursion 7-7 i5 for general use and is aimed 
at giving the student a feeling for the simulla- 
neous eflects of inheritance and environment 
on humans. 



(o a boy or a girl. They would have a belter chance of being 
^^gh( if ihey knew something aboul the sex of other members 
of both families. Sex is an inherited feature, too, as you can 
find out by reading Excursion 7-3, "Boy or Girl." 

We could happil5' do without some of the features we 
mherit- And none of us, be we kmgs or commoners, want 
to take the blame for passing on such handicaps as color 
blindness or bleeder's disease. To see how these are inherited, 
do Excursion 7-4, "A Royal Problem," 

Do you suppose every diflerence between the appearance 
of' some plants and animals and the appearance of others 
of their own kind caix be blamed on inheritance? Suppose 
twa.plani5^Xrom the ^ame parent plant, for exauipk, h^d 
different-colored heaves. What besides inheritance might ex- 
plain this dillerence? Take a look at Excursion 7-5, *i Won- 
der Where the Color Went." 

What you look like usually depends on what your parents 
look like! Features can be passed on from generation to 
generation. But does this always happen? Let's find out. Turn 
td Excursion 7-6, "One, Two, Pick-up Sticfcs." 

Are you as you are because of inheritance, or environment? 
See Excursion 7-7i"DaJ31ondes Have More Fun?" for some 
activities with thisyyl^. 

Well, that's it. We hope that you can now give at least 
q part of an^^ answer to the question "Why are you you?" 
The two-bit model can answer many questions about inherit- 
ance, but as always, there are many more questions you 
haven't even asked. Where do featiire5n:T)me from in the first 
place? How does the offspring chAnge bi/s of information 
from his parents into features? "THfow dp such hazards as 
atomic radiation, drugs, and pollution affect bits of informa- 
tion? Can a personVbits of information be changed, and 
if so, how should iHeyl^e changed? 

We openeff wifn a question. We are closing with many 
questions. Thaf s science. 



Before going on, do Self-Evaluation 7 in your Record 
Book. 
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Excursions 



So 



Do you like to take trips, to tiy something different, to see 
new things? Excursions can give you the chance. In many 
ways they resemble chapters. But chapters carry the main 
stoiy hne. Excursions are side trips. They may help you to 
^.Curthe.i^.ihcy.«vay^help,you-goWtfrffrrent^m 
they mayjusf be of interest to you. And some excursions are 
provided to help you understand difficult ideas 

Whatever way you get there, after you finish an excursion 
you should return to your place in the text material and con'- 

Zmtr' '''''' ^"p^ '--^^'-8 
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BOUIPMENT LIST 
(All opHonar) 



Mate 'frog 
Micro#oop« 
Mloinpicope slide 



Cover slip 
Sperm solution 



More on Offspring " 

TH« prt)bl«n br«ak on th« second p«o« of tho 

•"^''•^ <=*»V°' BflU'Pmanl. Most I 

•ohoola will probably not hiv« th* lacilKio* tor this 

•Cthrlty. 

Male plants and animals, including the fruit flies that you 
will use in this unit, make sperni in their bodies. Female 
plants and a^iimals produce egg:'!. A new plant or animal 
starts developing when a sperm from a male plant or animal 
combines with an egg from a female plant or animalof the 
same type. The process of combining is ciilled fertilization.. 
But since the sperm and the eggs are often in separate bodies 
(a. boy and a girl, for example), how do the sperm and eggs 
get together? Plants and animals have found similar ways 
to make this happen.' - ^ . . •> « 

In flowering plants, the sperm are wrapped in a shell. The 
shell witlj the sperm inside is called a po//en grain. Ibiimals 
don't wrap tht sperm in a shell. Instead, sperm swim freely' 
in a fluid. 

In plants, pollen grains containing sperm reach the female 
parts of the flower in many ways; Sometimes the grains are n 
carried by the wind or by insects. Sometimes the grains just 
fall from the male part of a flower onto tlje female part of 
the flower. But because plants depend upon such things as 
the winds and insects to spread pollen, fertilization in plant^ 
often seems very unlikely. The same thing is true for some' 
animals. For example, many male fish just put their sperm 
. into the water. Then fertilization wilJ ocour only if these 
-sperm find the eggs that a female fish has dropped elsewhere - 
into the water. 

Many plants and animals have developed ways to increase , 
the chance that their eggs wiH be fertilized. Most living things 
produce millions moYe sperm than eggs. Since it takes only 
one sperm to fertilize an egg, this means that fertilization 
happens quite often. Also, some plants produce odors pr 
bright colors that attract insects. These insects pick up pollen 
from one flower and caHry it to the next one they visit. Pollen - 
grains from the first flower fall from the insect pnto the 

Ho 



PURPOSE 

To develop minimal understanding of the 
process of reproduction, and answer the 
questions posed in the checkup in Chapter 1. 



Excursion 1-1 



MAJOR POINTS 

1. Male plants and animals make sporm. and 
female plants and animals make eggs. In their 
bodies. 

2. The combining of sperm and ego is caJlld 
fertilization. 

3. Various methods are used in plants dnd 
animals to bring the sperm and egg together. 
4^ Although there pre usually thousands of 
sperm, only one can fertilize an egg, 

5. The process of depositing sperm is called 
mating. 




This excursion Is remW&l for some students 
but general for most. 
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female pan of the second flower. (Vtany male animals put 
their sperm qlosc to the egg by pultmg the sperm into the 
body of the female. The j(^rl)ccss of depositing sperm is called 
mating. 



To make a sperm spludon (suspension), you 
will need dissecting tools, pond water, petrl 
dishes, and rnedicir\|r droppers, in addition to 
the materials listed at the beginning oi the 
excursion The technique can be found in n 
Otology laboratory guide or teacher's manual 
The tfiature male frog must be pithed and the 
testes dissected out Sperm will remain active 
/or oboul 6 hours. .so the procedure will have 
to*^ be repeated (new male frog) each day 
Depression slides will work better than plom 
slides 



Pollen grain 



Pollen tube 




Figure 1 




Sperm 



PROBLEM BREAK: FROG SPEF^M 

Check ^with your teacher to find out if male frogs and a 
microscope are available. If so, he will prepare a spcrmi 
solution for you. Place a drop of the sperm solution on a 
microscope slide and cover with a cover slip (have your 
teacher show you the proper use of a microscope first). Then 
place the slide under the microscope and study it under high 
power. 

□1. What enables the frog sperm to move? 

In this unit, the term cross will be used many times. For 
instance, you will soon be asked to cross two different kinds 
of fruit flies. This means that you are to let certain male 
flies mate with certain female flies. During this mating, the 
sperm from one kind of male fly will unite with eggs from 
anottjer kind of female fly. 

What happens after the sperm is put near the egg? In 
plants, a short time after the pollen grain lands on a female 
part of the plant (this is called the pisiil), a tube grows from 
the pollen grain down into the thick base of the plant. This 
is called the ovary and contains the eggs. After growth the 
pollen tube reaches and touches l|ie eggs in the ovary^ and 
fertilization takes place (see Figure 1). Then the fertilized 
^gg begins to grow into a new plant. 

"^When animals mate, the male puts his sperm into a tube 
inside the female. This tube leads to the eggs. Figure 2 
diagrams how this happens in the fruit fly that you will be 
working with. 

Once the sperm is inside the female fryit fly, it moves up 
the tube until it locates an egg. Then fertilization .occure. 
Although the male may put thousands of sperm cells into 
the feniale, only one, sperm cell can fertilize each egg. After 
e fertilized eggs have developed for a short time, the female 
lays them'. The egg then hatches, and the new fly goes 
through several stages before it becomes an adult. In some 
animals the female keeps the fertilized egg in her body to 
develop. She then gives birth to a fully developed baby. 




eOUtPMENT 
None 
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PURPOSE 

To review the concept of operational dotlnl- 
tione end afford practice In making them. 



Writing Operational 
Definitions 

\ 

This Is 1 remedial-review excursion 



You arc doing this excursion because you need to know how 
to write an operational definition of pure strain. 

Operation is the key word to understand. It means action 
or activity. An operational definition tells what operations, or 
actions, you do to identify* or measure the thing being de- 
scribed. Iq other woixls, it describes what you must do to 
tell if you hayc the thing being described or to tell how much 
of it you'htfv^. If, after reading a' definition of something, 
you know What to <l<^tcuhrientify the thing being defined or 
how to mcasureiit, men that definition is an operational one. 



Excursion 1-2 



<^©ERATI0M!AL 




For example: "To measure body temperature, you should: 

1. put a clinical thermometer under your tongue; 

2. leave the thermometef in place for at least two minutfes; 
and / \ 

3. record the level of the mercury c^^mn in degrees," 

As soon as you have read the definition above, you know 
exactly how to measure body temperature. Thus, the dcftni^ 
tion is an operational definition. 

How about this one? , 
"A tree is a large woody plant under which a person can 
ftnd a shJidy place to rest." 

This deffnition of a tree is not an operational definition. 
It do<^ noi list the things you must do in order to identify 
a t^;cc. And it certainly doesn't tell you how to measure one. 



MAJOR POINT 

An operational definition tells what operations 
or actions you do to Identify or measure the 
thing being described. 



•1 



□ 1. Here is a list of definitions. Wnic in yiiir Record Book 
the letters of those that you think are operational definilion.v 

a_ A hammer is .something mc() to drive a nail, 
b. To find the lengdi of something, yon place a ruler next 
to ii with the number zero opposite one end and read 
the number that the other end of the ruler lines up 
with. 

C. An experimental variable is anything that cajn be 
changed during an experiment, 

d. To find out how much rime passes/you look at the 
hands of a clock twice and determine how far the hands 
have move4. ^ " 

e. Handedness is determined by finding out which hand can 
cross out the mo§t zeros in thirty seconds. 
Work is the product of the. force in newtons exerted 
on an object and the distance in centihieters through 
which the force acts. 

You did well if you wrote letters b, d, e, and f.. If you 
did not li^t these, you had better go back and reread this' 
excursion. 



f 



2. Neither a nor c tells how \c measure the 
things being described. Definition a could be 
called a functional definition; it tells what a 
hammer does , 

Definition c could be called a descriptive defi- 
nition. 

3a. Weight is the force measqred In newlon^ 
when a body hangs vertically from a force 
measurer. 

b. Force Is something^thfft causes change In 
•motion or shape of a body and Is measured 
In newtons. 

c. Pure strain is a strain with a featOre that 
shows no variation over several generations. 



□ 2. Explain why a and c fibove are not operational dcfini^ 
lions. - 

□ 3- Give an operational definition for the following words. 

a. weight 

b- force 

c. pure strain 
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COUrPMENT 
Non« 



Temperature 
and |Life Cycle 



This fxcOral^n is general In nature 



/ 



PURPOSE 

To show that the lifo cydo of tho fruit flyT's 
highly dependent upon (omperature 



Excursion. 1-3 



MAJOR POINTS 



( 



Since 19^, the common fruit fly has been widely used to 
study thjc way features are passed from parents to offspring. 
Scientists have learned more about the laws of heredity from 
worldn^ with this tiny insect than fronj working with any 
Other ^nirhal, . 




The fruit fly is ideal for studying heredity because: 

' - - u 

1. It takes 10 to 20 days to grow from an egg to an adult 

fly 

2. Its small size makes it easy to keep alive, to handle, 
and to store. 

3. Fruit flies have features that are epsy to observe. 

4. One pair of parent flics can produce hundreds of ofl"- 
sp^ing. 

There are disadvantages to the use of fruit flies, top, One 
is that changes in temperature affect how long it takes a fruit 
fly to grow from an egg to an adult. 



1. FruH flies have many advantages for use 
In the study of heredity, 
Z The life cycle of tho fruit fly Is dependent 
on temperature 

3, Above or below certain temperatures, the 
organism does not survive. 
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1. Th6 student should concludo that the Op- 
timum temperature for the shortest hfe cycle 
IS 80-85 F In practice, the maximum temper- 
ature Is usually held to 80*F. 



Here is an experiment that was clone by one student. Joyce 
obtained SOofTspnng from the same set of parents. She then 
placed 10 of the flies in each of eight vials of food. The vials 
were kept at eight different temperatures. Here are her data. 

□ 1. Discuss the results of the experiment and write your 
conclusions in your Record Book. 

Tabl^l 



V 



Length of Lifc-Cyclc Stages (in Days) 



Vial 


Fahrenheit Icnip. 


Larva 


Pupa 


AduU 


] 


50" 


' 


* * 


♦ ♦ 


' 2 


. 60° 


♦ ♦ 




* * 


3 


65° 


8-18 


18-3^ 


35-40 


4 


70° 


7-16^ 


16-21 


21-26' 


5 


75° 


6^15 


15-20 


20-26 


6 


80° 


4-8 


8-14 . 


14-20 


7 


85° 

— ■ r-^^^v- — 


» 3-7 


7-13 


13-17 


8 


90* 


* * 







' Flics did not survive 



A teacher note In Chapter 1 referred to th« 
details qt this excursion. Although the data In 
Table 1 are presented as coming from a stu- 
dent, they drereliQble foV your use as a gulda. 
The tjEible shows that the flies did not survive 
above BS^'F. Actually, this is twcause the 
males become sterile, and .reproduction no 
longer occurs In the culttirea. 
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PURPOSE 

EQUIPMENT '^^^ • goomotric progression of off- 

apring in succeeding generations can result 

^o"* • population explp8lon. using fruit flies as 

•n •xtmple and applying it to the world's 
human population. 



A Pyramid 

of Grandparents 

Thl» Is an enrichment excursion. ^ 



By this time you should realize that the two-bit model is a 
very good one. With it, you were able to explain the way 
many features are passed from parents to offspring^All you 
|w^^ to do was assume that each parent passes one bit of 
information for each of his features to his offspring. But from 
where did the parent get his bits? That's what this excursion 
is all about 

Take a look at Figure 1. The figure traces one of your 
fruit flics back five generations. \ 



Excursion 1-4 



MAJOR POINTS 

1. Working back through successive genera- 
tions, the number of ancestors doubles in 
aach generation 

2. Each separate pyramid of ancestors might 
be related to any other pyramid. 

3- The world population is increasing at a 
staggering rate. 

4. The ancestors that contribute to d specific 
genetic trait are determined by chance. 



Figure 1 



» ration 



Parents 5 



Qrandparents 4 



Qreat- 
grandparents 



Qraat-great- 
grandparents ^ 



Qr«at^ 
givat-groat'^ 1 
grandparents 



Number 
In each 
generation 
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1 32 



62 



3 64 



□ 1. How many greal-grcal-greal-grandparents (first genera- 
tion) did your fruit\ fly have? 

□ 2. Altogether, how many ancestors did your fly have over 
all the generations shown? * 

□ 3. Suppose an earlier generation were drawn on Figty'c 1. 
How many great-grcat-great-great-grandparents would be 
shown? 

^ \ 

Well, clearly your imaginary fruit fly had a lot of ancestors. 
With this in mind, let's return to the/ question with which 
this excursion started — where do bits' of information come 
frohi? Try to analyze where each individual in the pyramid 
of Figure 1 got his bits of inforrnation. 



The answer to question 4 is No. Therefore, the 
Important answer to question 5 is Chance. 
Potentially any of the 32 ancestors could have 
contributed. 



□ 4. Taking We trait such as eye color, 4id every ancestor 
in Figure 1 contribute bits of infor/nation to>ihe eye color of 
your fly? 

□ 5- If your answer to question 4 is No, what determined 
v^hich of the ancestors did contribute? % ^ 

< 

The pyramid idea can be applied'to most plants aii<i ani- 
mals, including humans. In fact, ycAi can use it to make some 
interesting calculations about your own ancestors. Before you 
try, however, you should know that, on the average, chil- 
dren's birth dates are twenty-five years after the birth dates 
of their parents. 



6» About 90 years ago (In the 1880's) 

7. None of them; you would have to go back 
two more generations (great-great-great- 
great-great-grandparents) to have them alive 
then. There could have been 128 of them. 
Vour great-great-great-grandparents' were 
not born until around 1830. 

8. Pure chance . 



□6. Using the twenty- firve-year figure and your own birth 
date, about when were your great-grandparents bpm? 

CH/. Using the twenty-five-year figure, how many of your 
great-great-great-grandparents were ahve when George 
Washington was President, (1789- 1797)? 

□8. What det$;rmincd whether or not you received on<; or 
more bits of information from one of your great-great- 
grandparents? 
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The pyramid idea lool^ rather simple so far. But suppose 
one of your great-great-grcat-grandparents had a sister who 
in turn produced offspring and became the great- 
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grcat-grcat^grandparent pf ^<omeone living today. Thgt 
great-great-grcat-grandpHrent would become part of another, 
separate pyramid. Even so, that other pyramid would be 
related to yours. In fact, that boy or girl could be in your 
classroom today. Could this be what is meant by the 
"brotherhood of man"? 



X 



Let's look at the problcjn "Where do bits of information 
come from?" in another way. This time we'll try to and 
out what has been happening to the world's population over 
a period oi time. Figure 2 gives the data you need. 

□ 9. Is the world's population going up, or down, through 
the^ years? 

\ 

□ 10. \yhat h happening over a period of time to. the rate 
at which the population is c^enging? 

Figure 2 points up something rather interesting. If you bad 
continued the chart downward, it would have come to a 
point. According to this reasoning, everyone has the same 
ancestors. 



World population (In millions) 



THE 

•UPSIDE-DOWN 
PYRAMID" 



YMr 



1970 



3,500 



1900 



1800 



1700 



leoo 



1500 



1,900 



1.000 



600 



400 



350 



Oil. Assuming that everyone on the earth has the same 
aircestors, what is your explanation for why everyone has 
ended up with different bits of information? 



11. Th« itudent cannot be axpecwd (o know 
at>Out mutaUons. naw gametic Information, 
•tc. Ha might cbm^ up with the explanation 
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that therar had bBen soma changes In (he 
varmus genetic Information .that was passed 
on. ^ 

lis 




$«v«ral cluvs. such as commonality of ances- 
tor* and interr«latlonshlp of pyramids, have 
bsan given to the student in the excursion, to 
help him with this problem break; 



You might be interested to know that the world's popula- 
tion went from about 86 million in 60(X)'n^x. to about 350 
million in a.d. 1500. This was an increa;*^ of roughly 264 
million in 7,500 years. Experts now believe the world's popu- 
lation will double between now and the year 2000. This 
would be a pse of 3,200 million in only 35 years. This is 
what the "population explosion" is all about. Many people 
are worried about how we will feed and clothe s6 many 
people. ' / ^ 

□ 12. What is your guess as to why the population is mcr«a«- 
ing so much faster now than it was earlier? 

V If you'd like to know more about this and related topics, 
read Early Man, by F. Clark Howell, in the Life Nature 
Library (New York: Time-Life Books. 1965). 

Now lc;t's compare the rwo ideas you've <been thinking 
about. Take another look at Figures 1 and 2. Figure 1 shows 
that the number of ancestors from which you might have 
gotten bits of information gets larger and larger as you go 
back in time. Figure 2, on the other hand, shows that the 
vvorld's population gets smaller and smaller as you go back 
in time and suggests that we all came from the same ancestor. 

PROBLEM BREAK 1 

How can these two models be fitted together? How can 
the number of everybody's ancestors get larger as you go 
back in time, while the population gets smaller? That's your 
problem now. Think this problem through carefully (it's not 
easy); then in your Record Book, describe how you think 
the models fit together. Feel free to discuss the problem with 
your classmates, your parents, or anyone else. Good luck? 
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BOUIPMENT 
Non* 



Ratio Simpiifieid 



.-Xhlt4» • remedial excxsr^ion. 



PURPOSE 

To help students understand the concept of 
r#tlo. and to ahow them how to reduce a^ratio 
to amattest numbers, and how to round off 
ratios. 



Excursion .2-1 

MAJOR POINTS 

1; A rado la a nimple way of comparting two 
numbers. 

2. To arrive at the simplest ratio, divide both 
numbers by the smaller number 

3. Numbers are sonnetimes rounded off to the 
nearest whole numt^^r 



A ratio IS simply a way of comparing two numbers. For 
example, a ratio m^y tell you how often one thing happens 
As compared with another. Here's how you set up and use 
ratios. 




Example 1 Suppose you look at 50 cars in a parking lot 
and you notice that 5 cars are red and 45 cars are not red! 
What is the ratio of red cars to nonred cars in that parkine 
lot? ^ ^ 



Arrange your data: 



* 


Npnred 


Red 


Number of Cars 


45 


5 ■ 




To arrive at the simplest ratio, divide both numbers by the 
smaller of the two mimber^. In this case, the smaller number 
is 5. 



9 1. 
Dividing: 5)45 5jr 

Ratio = 9 nonred cars to I red car 
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The ratio tells you that there were nine times as many 
nonred cars as there were red cars. By il^clf, the ralio docs 
ndf tell you how many cars you looked ai in the first place. 
(You looked at 50 cars— not 10.) 

Example 2 Suppose 28 men, 13 women, and 10 children 
arc waiting in line^ to get into a ball game. What is the ralio 
of men to women to children? 



Arrange your data: 













Men 


Women* 


. Children 


Number Waning 


28 
_ .- 


13 


10 



Divide all numbers by the smallest number, thai is, 10. 
I 

2.8 1,3 1 

Dividing: 1 0)28.0 1 0) 13.0 1 oJW^ 

20 JI0_ 

80 30 
Ratio — 2.8 men to 1.3 women lo 1 child 
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. Usually, but not always, a ralio includes whole numbers. 
One way to simplify a ratio is to round "it. For instance, the 
number 2.8 in the last example is nearer to 3 than to 2. You 
could round 2.8 to the number 3. Since the number 1.3 is 
nearer to 1 than to 2, it can be rounded to 1. The general 
rule in rounding is to use the higher whole number if the 
fraction is 0.5 or higher and to use the lower whole number 
if the fraction is 0.4 or lower. 

In whole numb,ers, the ratio shown in the last example, 

2.8 men to 1.3 women to 1 child, 
could be wJunded to - 

3 me« to 1 woman to 1 jchild. 

It is important to write a rounded ratio in the same order 
in which whatever it represents is stated. Otherwise, the 
meaning of the ratio, will be changed. Notice^ for example, , 
what would have happened if you had written t,he round<^ 
ratio as 1 Ac 3 to 1 instead of 3 to 1 to 1. You might have 
become confused and assumed that there were more women 
than men. 



Now hcrc*s a problem for you to iiolve. 



□ 1. Suppose you had 20 brown disks and 10 colorless disks. 
W^iat is the ratio of brown disks to colorless disks? 

Check your answer to question 1 against the one given 
at the ^nd of this e'xcursion. If your answer was right, go 
on to qucstionns 2, 3, and 4. If you were wrong, go back 
through the first two examples again before continuing. 




□2, Suppose there are 600''1boys and 400 girls in a school. 
What is the rounded rktio of boys to girls? 

□3. Waiting in line to buy theater tickets %re 58 children 
and 11 Bdijlts. What is the rounded ratio of children 
adults? 

□4jp A small package contains 12 red, 8 yellow, 5 orange, 
and 3 green cdndies. What is the rounded ratio of red to 
yellow to orange to green candies? 



2. Note that ff the foregoing rule of dividing 
by tha smliller^f the two numbers Is used, the 
rounded ratio would be 2 to 1. In this particu- 
lar case, however, better judgement tells us 
|o divide both numtjers by the highest com- 
mon factor (200). The rounded ratio thus be- 
comes 3 to 2. . 
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Once again, check your answers wiih ihosc al ihc end of 
this excursion. If you got any of the problems wrong, review 
your work or the firsi pan of ihis excursion. 

When you are sure you know how to simplify a ratio, you 
are ready to go back to Chapter 2 and work out the ratios 
there. Remember: any rado musf he wriffen in the same order 
rhar the groups are llsfed^ Also, keep in mind that a ratio 
docs not tell you the actual number of times things occur. 
It is simply a way of comparing numbers. 

Answers 

1. 2 brown to 1 colorless 

2. Either 1.5 boys to 1 j^rl or 3 boys to 2 girts 
3- 5 children to 1 adult 

4. 4 red to 3 yellow lo 2 orange to 1 green 



( 
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EXCURSION 2-1 
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EQUIPMENT LfST 
2 dfff»r#nt coins 



Don't Flip over This 



PURPOSE 

To give additional support, through mathe- 
m«tlcii. to the two-bit model for Inheritance. 



Excursion 4-1 



Thif is mn •nrichm#nt excursion. 

In your experiment, you've been running into a 3-to-I ratio 
over dud over. In beans, for example, you found that brown 
seeds showed up in the .second crop three times as often as 
white beans. But why does the 3-to-l ratio appear instead of 
some other ratio? 

Even though the 3-to-I ratio continues to appear, would 
you believe that it happens -by chance? Let's take a look and 
sec what we mean by chance or probability^the likfe|ihood 
that an event might occur, - > I 

Chance is commonly written as a fraction between 0 ai^ 
I. btyr mstance, if something can ha^jpen two w^ys, like tiS 
flipping of a coin, the chance is ^ for heads and 4 Tor taifs 
You can state the probability in a numb^ of ways 
What js the chance of flipping heads on a coin-^ 

1 to 2 

50-50 
50% 



MAJOR POINTS 

1. In flipping coins, each (lip is an inde- 
pendent random event. 

2. In flipising two tolns simultaneously the^ 
results are equal to the products of their inde- 
pendent events. 

3. The exercise in coin flipping can be ap- 
plied to help explain the inheritance pattern 
in two generations of bean seeds 



All these responses a^;^ correct 




If something can never happen, like rolling a seven on 
a die (that s one of a pair of dice), the chance is «. If it always 
happens^ like flipping heads on a two-headed coin the 
cftance is |. 
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You may have to loan 8om« coins for thft 
activity Keep track o\ them Two pennies can 
be used by marking both sides of oi^e of ir^em 
with a grease pencil One could then repre- 
sent the nickel and the other one the 0imo 



Figure 1 



Heada-heads 



Out of 60 toaaes, the ituc^ent should have 
mpprokimaMy 15 for each of the 4 poasl- 
billtfes. 
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1 

Instead of using only one coin, suppose you were to toss 
two coins at the same time. Let's say you have a nickel and 
a dime. Bothxoins might come up heads, both might be tails, 
or one -might T?c heads while the other is tails (Figure 1). 






Heads-tails 



Talls-talla 



Toss 2 coins -at least 60 times and record the combinations 
that appear in Table I in your Record Book. 



TabI* 1 



Possible 
Combinations 


Results from 
60 Tosses " 


Nickel Dime 


Heads Heads 




Heads Tails 




Tails Heads ( 




T^ils Tails 


\ 



Look back at Figure L You will note that there arc four 
combinations possible when you flip two coins at the same 
time. Thus, your chance of coming up with the four combi- 
nations arc these: 



Heads-heads 
Heads-tails 
Tails-heads 
Tails-tails 



or 1 to 4 

— \, or 1 to 4 

— I, or 1 to! 4 

— or 1 to 4; 



□ 1. How did your data from the flipping of the two coins 
come out? Out of 60 tosses, did you get about 15 for each 
of the four combinations (Jg = j)? 

'Vcrhaps you are wondering why the pattern of \ appears 
Tor cath of the four combinations. Remember that for tOssd's 
of coins the probability of heads turning up is J, The proba- 
bihty of tails turning up is, naturally, alsQ 

What arc the chances when two coins are tossed at the 
^sarac tinne? Figure 2 illustrates the answer. Remember, we 
aren't interested in what two coins arc used. We just want 
to Icnow whether they come up heads or tails. 



1, Answers will vary \Jo«( students will r^ever 
gel 15 for each combmotlon Wh^n the ratios 
Are rounded out, however, most of them will 



Flyur* 2 







(V^) Heads 


(W) Talis 


(Vt ) Heads' 


(y-i)HH 


(V4)HT 


Tails 


(y«)HT 


(V4)TT 



You can apply what you have just done with coins toc^the 
bean seeds. In your beat| experiment, you began with a 
pure-strain brown-bean parent and a pure-strain white-bean 
parent. Using a chart, you can cross the bean parents and 
find the probability of the first-generation off'spring. Com- 
plete Figure 3 in your Record Book- 



\ 



BACK TO 
THE BEAN 



FHiur* 3 



0 



Pur*-8train 
parent 



(Vi)b 



Punt-strain (^)^ 
browivbaan 
parent 

(W)B 
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Figure 4. Students may have difficulty with 
thi$ chart, but (t U the important ^'payoff*' In 
the excursion. You may have fo explain to 
some that a first-generation be^n Is Bb. which 
H made up of and ^b. When these are put 
ncross the top and on the left side of the 
chart, the crosses result In JBB. iBb }Bb and 
}bb. 



□ 2. What were the ratios of your first-generation ofTspong? 
Using the chart in Figure 4 in your Record Book, cross two 
of the first-generation offspring. 



/ 



Figure 4 



Flrst-^enerotlon offspring 



FIrst-generatton 
offspring 



□ 3, What were the ratios of your second-generation off- 
spring? 

Now what would be the appearance of each of these bean 
seeds? BB would obviously be brown. 

□4. What would Bb seeds look like? 

□ 5. And bb seeds would be what color? 

□ 6. All in all, how many brown seeds would you have for 
every white one? ' ^ 

,Now do you see why the 3-to-l ratio keeps popping up? 

\ 
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PURPOSE 

EQUIPMENT UST pr«Mnt the hlatoncal basis of Mendel's 

work In developing the Iwo-bil nriodel, and lo 

I IBM punoh^d card 'pply findings to tKe modern idea of genes 

and ohromoaomes. 



A Bit More About Bits Excursion 6-1 



Thia •xqurslon will be •nrlchment for some 
•tudanta and general for others Excursion 
la H#yad to this e^curvlon. 

Grcgor Mcndcl deserves a lot of credit. For seven years 
(1857-1864) he cxpertmcnied with peas in a quiet monastery 

\^ garden in Czechoslovakia, only (o have his efforts ignored. 
In factt the imporfance of his work was not recognized until 
1900, sixteen y^ars after his death. His work led to the model 
f€r "bits of information," the model youVc been using- 

Mendel tried to follow what happen<??l to seven features 
as pea plants reproduced themselves. The features were seed 
shape, seed color, seed-coat color, pod shape, pod color, 

\ flower type, and stem length. He crossed pure-strain plants 
^ for these features and then studied the features of the first- 



and second-crop oflfspHng. Figure 1 shows the results of his 
experiment. ♦ 

From his data Mendel drew two conclusions: 

L T^o identical pure-strain parents always produce 
piurc-strain offspring like themselves. 

2. When two different kinds of pure-strain parents are 
crossed, the flrst-crop offspring all look like one of the 
parents. If first-crop offspring are crossed, three fourths 
of the second-crop offspring will look like one of the 
original parents (from 1 above). One fourth will look 
like the other original pafent. 

Mendel developed a model to explain the results of his 
experiments. This model was alm6st exactly Uke the two-bit 
model youVc been using except that he used. the term factor 
instead of bit of information. Mendel wrote an article about 
his discoflnry which was filed away in libraries. Almost forty 
years later^- other scientists made the discovery of "bits,'' and 
these men were led back to Mendel's article. Mendel had 
been at least forty years ahead of his time in making the 
basic assumption that *Tactors" determine the inheritance of 
features. 




MAJOR POINTS 

1. Mendel drew two ooncluslons from his 
many experiments with pea plants. From 
these conclusions he developed a two-bit 
model for 'genetic inhefftance, 

2. Menders success was due to 

(a) his use of the systems approach In study- 
ing one feature at a time; 

(b) hia application of mathematics; and . 

(c) his development of a scientific model to 
explain his observations. 

3. Chromosomes found In the nucleus ano 
passed from cell to cell like Mendel'si factors 
or bits. 

A, Bits of information called genes are found 
on the chromosomes. 

'5. Qenes seem to be made of a chemical 
called DNA. 107 

6. Aa more Information la gathered about ge- 
netic Inheritance, the model Is Improved. 




\ 



M6n6©l'8 results with two g«n«ratlons of gairden 




post 



Second crop 



5.474 round 9«edt 
1 .850 wrinkled seeds 

total 



6.022 yellow eeeds 
2,001 green seeds 

total 



705 gray seed coats 
224 while seed coats 

929 total 



662 Inflated pods 
224 wrinkled pods 

total 



428 green pods 
152 yellow pods 

total 



651 axial flowers 
207 terminal flowers 



total 



787 long stems 
277 short stems 

total 



Rounded ratio 



3fo1 



3 tol 



"3 to 1 



3 to 1 



3 to 1 



3 to 1 



toS^ 



FIgurai 1 

The student should probably appreciate the 
importance of a targe number of trials Only 
ttien can a clear |ind consistent pattern be 
discerned In the rounded ratio. 
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Mendel's early success where others had failed >ras due 
to several things. Fifst, he used a '^systems" approach. He 
studied only one feature at a time: Second, he applied his 
knowledge of mathematics to his study. Third, he built a 
model to account for what he saw. This whole approach 
might be thought of as "if-then" reasoning. Hi^.thinking was, 
' If I assume these things to be true, then I can predict what 
1 see." 

Since Mendel's time, other scientists have been trying 
actually to sec 'the bits of information. Their studies have, 
added much to the two-bit model >->^ 

Well before 1900, the discovery of what are called cetis 
•had been made. It was learned that virtually all living things 
are made up of the tiny (^ell§ that can be easily seen under 



a microscope. When cells arc viewed through a high^rpowercd 
microscope, many smaller parts can be seen. One of these 
parts is called the nucleus. 





Chromotofrat 



If yo|i were to magnify the nucleus many times, you could 
sec son^c strands in it that resemble pieces of thread. These 
arc chr^mosomes^ An American scientist, Walter S, Sutton, 
was iht first to notice that chromosomes are passed from cell 
to cell as Mendel's ''bits of information" are passed from 
parent to offspring. Still later, it was suggested that the bits 
of infotmation were located on the chromosomes much like 
beads on a string. Although this idea has been changed a 
little smce then, we still believe bits of information are in 
some way attached to chromosomes as they are passed from 
parent to offspring. 

Scientists soon began to call MendeFs "factors" genes. The 
word **genes" is short for genetic units. Whether we call the* 
factors bits, units, or genes, the model still works for explain- 
ing and predicting the way features are passed from parent 
J6 oiCspring. 

To sec if you have understood this excursion, try to use 
your informatijon about the ninsect youVe been studying. 

□ 1, How many bits are needed for each feature of a ninsect? 
[^2. What dofes each tiinsect card represent? 

□ 3, What dp the holes in the cards represent? ^ 

□4. How many bits (genes) are there on one ninsect chro- 
mosome? ^ 

pf. Howmatty bits (genes) are needed to make oi>c com- 
plete ninsect? ' 



Don't try for the full-blown treatment on 
genes, chromosomes, and ONA. It wpuld 
probably be wasted on all ^ut the most ad- 
vanced students, and would cloud the main 
points of the two-bit model. 



1.2 

2. A chromosome 

3. Bits of information, or genes 

4. a 

5. 16 
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e. 2 

7. On Iht chromotome 

8. Each com#t from a parent 




□ 6- How many chromosomes arc needed to create one 
ninscct? 

□ 7. The ninsect inhcfrils a set of genes. On what are the set 



□ 8. Every animal and plant has two sets of genes for each 
feature. In the ninscct, where does each set of genes come 
from? 

A more recent idea has replaced the '^string of beads" 
chromosome model. Experiments showed that Mendel's bits, 
the genes, arc perhaps made of a chemical called DNA. Two 
scientists, James D, WatsOn and F. H, C Crick, made a DNA 
model which looked like a ladder that had been twisted 
several times. This model keeps changing to fit new informa- 
tion but, at the same time, keeps enough old features to 
explain what is already known. Through this building and 
improving of the model, our picture of a gene will surely 
be different in fifty years, 

PROBLEM BREAK 1 

Several books tell more about the ideas discussed in this 
excursion. One that offers pictures of chromosomes and 
drawings of DNA is Evolution, by Ruth Moore, in the Life 
Nature Library (New York: Time-Life Books, 1962). An- 
other book of interest, written by Carleen Maley Hutchins 
and titled life's Key— DNA, (New York: Coward-McCann, 
1961) offers a detailed discussion of the relation of DNA to 
Jife. Use books like thfcse to add to your understanding of 
why you're you. 



110 EXCURSION 6-1 



I3i 



EQUIPMENT 
Non« 



Peas Agarn, 

But Double Trouble 



PURPOSE 

To »how th# method for tracing two factora 
of Inh#rit«nc6 simultaneously, and to allow e^n 
opportunity to apply the method In another 
•Ituatlon. 



Excursion 6-2 



Thit la an enrichment excursion. 

If you did Excursion 6-1, you know that much of our undL 
5tju,diag of inherilftnce is based upon the work of Grecor 
, Mcndcl One of the factors Mendel studied was seed color 
He found that the bit of information for yellow seeds masked 
the bit for green seeds. Figure I reviews crosses between 
yellow and green peas so that you can see the way these 
features arc passed. The letters under the drawings stand for 
bits of mformation. Y stands for yeJlow seed and y $tands for 
green seed. 



MAJOR POINTS 

1- When two parents, each a pure strain for 
two different features, are crossed, the first- 
generation offspring will show the aame pat- 
tern of Inheritance that would have occurred 
If each fc^ature had been taken separately 

2. When (wo flrst-^generatlon offspring with 
two different features are crossed, there are 
16 ways that the blt^can combine. 

3. Considerlrtg the two features together, the 
appearance of the second generation off- 
spring will be in a ratio of 9:3:3:1. 

4. The pattern of Inheritance for each sepa^ 
rate feature la the second generation will be 
the same a? If the feature had been studied 
separately (3:1). 



Pure-atri(n, 
y«llow-Med 
parent plant 



Q 



YY 



FIrtt crop 



O 



Flrit-orop offspring plant 




Yy 



Vy 



Second crop 



yy 



Pure-strain, 
green-seed 
parent p}mn\ 



All offspring have yellow seeds. 



Rrst-crop offspring plant 





YY Yy Yy yy 



Yy 



Three yellow seeds 
to onjs green seed 



Figure 1 
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Figure 2 



Mendel also found ihcsc inheritance patterns in studying 
pea seed texture. He found the bit of information for smooth 
seed masked the bil of information for wrinkled seed. Fig- 
ure 2 "reviews the crosses between smooth-skin pea seeds and 
wrinkled-skin pea seeds. ' 



Pure-5traln. smooth 
8oed parent plant 



0 



SS 



First crop 



i 

o 



0 



Pure-Strain, wrlnkted- 
seed parent plant 



88 



All offspring fiave smooth sktn. 



Sfl 



First-crop offspring 



First-crop offspring 



0 



Ss 



i 



Ss 



Second crop 



ss Ss Ss 



ss 



Three seeds have 
smooth skin and or>e 
seed has wrinkled skin. 
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You are about to learn how to predict the inheritance 
pattern for two features at a time! Here is your problem. 



Puna-strain, smooth and 
yellow seeds 



Pure-strain, wrinkled and 
green seeds 



0 



SSYY 



First crop 



i 

0 

SsYy 




8»yy 

All offspring have smooth 
skin and yellow seeds. 




If you do not sec how SsYy appeared, look back to the 
flrsl-crop offspring in Figures I and 2. 
Now, if you cross two of the first-crop offspring, what will 
^^f€ the ratio of the second-crop offspring? Table I, which is 
^imiJkr-te Rgttrc^ ta 4^ t , ^howsyou how to predict 

the results of this cross. Complete the table in your Record 
Book by filling in each square like the examples that are 
given: 



You may havo to remind ih« students that in 
aummarlzino Table 1 for Fable 2. smooth 
m«9K9 wrinklod and yellow masks green. 
Therefore SSYY. SsYy. SSYy, and SsYY are 
all smooth, yellow-seeded plants Likewise,. 
SSyy and Ssyy are all smooth, groon-seeded. 
ssYY and ssYy are all wrinkled, yellow- 
seeded. There will only be one ssyy, wnnkled. 
green-seeded. 



Possible Bits of Information 

from Smooth. Yellow Parent (SsYy) 



1 



Possible Bits of. 
^^lfo^nation from 
Smooth, Yellow 
Parent (S^Yy) 





SY 


Sy 


«Y 


«y 1 


8Y 


SSYY 
smooth, 
yellow 






1 

V 

1 


Sy 








Ssyy ! 
smooth, j 
green \ 


sY 




asYY 
wrinkled, 
yellow 






SaYy 

smooth, 
yellow 

















if you have trouble filling in the squares, think about how 
you read graphs. For the top left square, we got SY from 
the top of the grid and SY from the left. Combined, these 
gave us SSYY, which is "smooth yellow." 

Now yoH can summarize the kinds of offspring that are 
- possible in this mating. Just count and record in Table 2 
in your Record Book the number of offspring with each 
possible combination of features. 



V ■. * — ' 

Smooth, ycHov^'-secdcd plants 




Smooth, grcen-sccdcd plants 




Wrinkled, yellow-seeded plahis 




Wrinkled, green-seeded plants 





Tabl« 2 



I 
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1 and 2. 12 to 4. or 31 



JEncour«g# stadents who h«v« gom? thi§ fsr 
to work on these crosses for the nJnsect. 




The ratio you have jusl found is quite common in studies 
of inheritance of two features at a time. 

□ 1, In this same problem, what is the ratio of smooth seeds 
to wrinkled seeds? (Count them; don't guess.) 

□ 2. What is the ratio of yellow seeds to green seeds? 

You can see from the data that each feature is inherited 
independently. 

Do you think yob could solve another problem about two 
features at a time? Try this one: Ninsects also have several 
features some of which are dominant while others arc reces- 
sive. Select two ninsect features and diagram the following 
crojsses in your Record Book. ^ ^ ^ 

a. Cross one pftrent that is a pure strain for tWb doniinant 
features with another parent that is a pure strain for two 
recessive features. 

b. Cross two first-generation noflTspring of the above cross. 
Use the pea problem fis a model for designing your solu-/ 

tion to this problem. Some of the symbols you could use 
for ninsect features are these: 
X* 

Eye color: black, white (B. b) 
Body color: striped, plain (S. s) 
Body sha|)e: round, slender (R. r) 
Stinger: present, absent (P, p) 
Leg length: tall, short (T, t) 
Antenna: curly, straight (C, c) 
Wing patterp: plain, spotted (W. w) 
Wing size: large, small (L. 
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PURPOSE 

To hflp tht •tudent modify th# two-bit modiil 
to •xpl«»n lncompl«t# dominance. 



Red, White, and Pink Excursion 7-1 



This it r#«lly an extension djccurslon. but 
could alto bn considered remedial m that It 
helpa to answer a question pooed In the 
chapter. 



In Chapter 7 you were psked to use your two-bit model to 
explain the cross that is shown below. This 
show you one possible way to^do this. 
Figure 1 ^ 



cxcursjion will 




let crop 



\ 

2nd crop 



Lct*s think about the cross in terms of your tv^p-bit model 
($cc page 83 of Chapter 7 for a summary of the model). The 
purc-strain red parent had to have two bits of informatiQix 
^ for red, while the pure-strain white parent had two bits for 
white. This means that each offspring had to get one white 
bit from the white parent and one red bit from the red parent 
m$ is diagrammed in Bgure 2. If that figure is not clear, 
to you, turn back to ChafJt^r 7 and review the two-bit model 

R « A bit of information for red 
W =: A bit of information ft>r white 

let crop 



MAJOR POINTS Q 

1. When eUcJentmc model cannot explain a 
new obeervatlon/lt must be modified or dlj^^ 
carded. 

2. ^he modification should be as simple as 
poseiWe* 

3. In this case, pnly one point of the two-bit 
model need be changed to say that some- 
times, instead of one bit masking another the 
two bl^ blend. 




WW 




QuMtion 1. b«low. 



P«nk 
R W 



Pink 



R 



W 



RR 


RW 


RW 


WW 



1 r«d ftow«r (RR) 
1 whr!# flower (WW) 
pink ilow«r» (RW) 
Wh#n both bltj^^o pr©*ent, they blend 



Question 2, below: 



White 
W W 



Pink 



W 



RW 


RW 


WW 


WW 



2 white flowere (WW) 
2 pink flowers (RW) 




According to the (wo-bii mode! then, each firjit-crop off- 
spring has one bit for red and one bit for white. In this case, 
the flowers of those offspring should hayc been cither red 
or white depending upon which bit m^tsked the other. The 
model as described On page 83 cannot explain the fact that 
the first-crop flowers were pink. 

Actually, a very small change in the model will let you 
uscM to handle the flower problem. All you have to do is 
change statement 4 (page 83) of the model from 

4. If an individual receives two different bits of informa- 
tion for a feature, one bit may mask the other. 

to 

4. If an individual receives two different bits of informa- 
tion for a feature, one bit may mask the other. Some- 
times, however, the two birs will both have an effect, and 
the offspring's appearance will be midway between that 
of pure-strain individuals for each bit. 

Notice that the change lets you explain what happened 
in the first crop of the flower cross. You can $imply assume 
that the bit for red and the bit fpr white in the first-crop 
. offspring both had an effect and that the o/Tspring bctfamc 
pink (halfway bctw^een red and white). Notice also that the 
change adds something io the model withouf destroying it. 
The model will still work for beans, fruitflies, and the like. 

Now take a look at Figure 3, where the secopd crop of 
flowers is shown. Try to apply the new model to it Docs 
it work? 



2nd crop 



f 
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□ 1. Use your m^ificd two-bit model to explain why part 
of the second crop isj>ink, part is red, k'nd part is white. 

Want some practice in solving problems like the one with 
morning glories? Try this one. 

s 

□ 2. A white morning glory is crossed with a pink morning 
glory. What may the offspring look like? 



BOUIPMENT 
Non« 



Hair Heirs 



PURPOSE 

To show th« need for further modification of 
th« two-bit model, to account for the different 
b«h«vior of some bile for each sex. 



Excursion 7-2 



MX 



Thie la general Information and enrlqhment 
exouraion. 



MAJOR POINTS 

i: Th# masking of bits of information for nor- 
mal hair and for baldness may depend on the 
a«x of the Individual. 

2, Another alteration In the two-bit model Is 
naceaaary. 



in Chapter 7 yoji were left with the problem of figuring out 
how a certain type of baldness is inherited. Your problem 
was to decide what bits of infonnation for baldness might 
be in «5^ch individual in the family shown in Figure 7-2 (Fig. 
2 in this excursion). 




You were told that the bits of information for normal hair 
and for baldness sometimes switch (exchange) their masking 
roles. Which of the two bits is masked depends upon whether 
the individual is a man or a woman. In men, the bit (gene) 
fot baldness masks the one for normal hair. In women, it's 
.tlic other way around— the bit for normal hair masks the 
one for baldness. Table 1 summarizes this information. 




efis 

lies 

- In 



l9. 

an 



TabI* 1 



*^ Sex. 


Masking 


Baldness (b) 


Normal Hair (B) 


f UMalc)P 


b masks B 


^ bB or bb 


BB- 


^ ^ (Female) O 


B tpasks b 


— 

bb 


bB or BB 


t f 
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Use Tabic I to check the information in Figure I jind then 
answer the questions that follow it. 



Th« iwb pairs ol letters (bits) beneath three 
of the offspHng Indicate alternative poasl- 
bliitles. any of which could cause the ob- 
served trait. ^ 



Figure 1 




Off ap ring 




bb 
bB 



BB 



JL . 1 


O 




Bb 


bb 


BB 


bB 



1. Because in males, b misks B. 

2. Because in females>B masks b. 

3. Although not shown on Fig. 1,ihe ratio Is 
3 to 1 for males. 



1^. 



\ 



Circle — Woman 
Square Man 
Black = Baldness 
Blank := Normal hair 

□1. How can the male parent be bald when he has one 
B gene for normal hair? 

□2^ Since the male parent is bi^ld with Bb, why isn't the 
female (Bb) also bald? f 

□ 3. What ratio of baldness to normal is there' in the male 
offspring? 



THESE /IRfin^ JEANS 
FOR NORM/ll H/UR..^ 
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Use the information in Tabic 1 to decide which bits of 
Uiformation each person has for the baldness feature in 
Figure 2. In your Record Book, under each square or circle, f 
write the letters for the bits iha, person has, as you see done ^ 
in higure h Someumcs one person could have more than 
one Icmd of pair of bits. A black square represents a bald 
man: a blank square represents a mail with nomial hair 
A l?Iank circle represents a woman with normal hair 



sex 




FIgura 2 



n a 
ells 

lies 

r In 

hat 

oes 

ah 
de- 



Baldness is anothenfi^ure that maizes m alter our twQ-bit 
model m order to have Ui^model explain aJid predict better. 

^orkl^ttl "^^^^^ '^'^^'^ "^ake it 

work so that ,t explams and predicts baldness in humans? 

Have you aitercd your model to eltpTain pink color in 
and S • 'T " 



4. It must b8 altered to correlate the feature 

with the sex of the Individual. , f 

Excursion 7-1 )s keyed to this excursion also Ik 
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You can check your work ifCFigure 2 by luniing the page 
upside down. 



Answer k«y for FlQur# 2 



v. 



8q 8q 8q qq 09 88 qq 08 qq 88 

qq qq 08 oq 8q Oq oq 8q 9q Oq 

O BOOBOBO 



88 qq <iq qq 
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1 M 



Non# 



PURPOSE 

To explain the gonelic machaniam for 9fix 
determination. 



Boy or Girl 

Th»« •xour«ion la for •nrichm«nt. 
Excur«(Qnfl-i |8 r«f«rr«d to In this «xcorslon. 



Excursion 7-3 



One of the most obvious features of everyone is his or her 

or female. But most of us wonder from time to time just 
how the sex of a baby is determined. How this happens is 
the subject of this excursion. 

.rl^ir Excursion 6-1, you learned what chromosomes 
arc. If you d.dn t do that excursion, turn to it now and read 
the part that deals with chromosomes. 

Smce the studies were made that linked chromosomes with 
bits of mformation (genes), scientists have been studying 

somes (46 in all) in eveiy normal human cell, except in sperm 
cells and m egg cells. The chromosomes that make up 22 
of the pairs always look more or less alike (see Figure 1) 
But sometimes those in the 23rd pair dqn^t match-one 
cWosome ,s sometimes much longer and straighter than 

11 * I """^ 'y^^ chromosome has been . 

called an X-chromosome, and the short bent one a 
chromosome. 

1 ^ 3 



MAJOR POINTS 

1. Thar* aro 23 pairs of chromosomes iri « 
normal human c«ll. other than sex feeHs" 
(Oametes). 

2 One of the pairs of chromosomes in mal^i 
JjJJ*™ 0''«*«*'y from the corresponding pair In 

3. A model for sex Inheritance assumes that 
In a female the 23rd pair of chromosomes 
are both X-chromosome*; while In a male 
the 23rd pair of chromosomes consists of an 
X-chromosome and a Y-chromosome. 

The bits of information from the father d*.^ 
termlno the sex of the offspring. 



Figur* 1 
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Careful study shows thai the chromosomes in the cells of 
boys and men arc different from those in girls and women. 
Boys and men have one X-chromosomc and one Y- 
chromosome, while ^ girls and women have two X- 
chromosomes. This is shown in Figure 2. 



Figure 2 
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23rd pair 
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Aflcr the differences between men's and women's chro- 
mosomes were noticed, scientists used them to develop a 
model for how sex is inherited. They made the assumption 
that if a person has two X-chromosomes (in the 23rd pair)/ 
then that person is a female. They also assumed that if a 
person has an X- and a Y-chromosome, then thiat person is a 
male. Furthermore, it was assumed that one of each person's 
23rd pair of chromosomes came from his father and one came 
from his mother. Figure 3 shows these assumptions. 



Flgur# 3 



Father 



Mothar 




Slater 



Slatar 



Broihar 



Brothar 



Notice in Figure 3 that the chances of the offspring ending (/ 
up with two X-chromosomes are the same as for the offspring 
having an X-chromosome and )^ Y-chromosom^. This is how 
scientists explain tljic fact that ftiere are about as n\my boys 
bom as girls, ' 




EQUIPMENT 
Non« 



PURPOSE 

To examine Inheritance pattorns for hemo-' 
phHIn and to 800 thai tho disorder is sex- 
linked In nature. 



A Royal Problem 

This Is «n e^f^hment excursion, but It con- 
tains much of general interest 



Excijrsion 7-4 



Ready for a royal problem? Here goes! Read through the 
problem and attempt to solve it the best you can. If you have 
a hard time at first, don't give up. More help wilhbe given 
later 

Some people arc born with a real handicap— their blood 
docs not clot very well. This meartS that jsven the slightest 
cut bleeds and bleeds. They may even die of loss of blood 
from a tiny scratch. Few such individuals live long enough 
to produce children. 

Several rulers of European countries of the pafst hundred 
years have had this problem. Here's {i diagram showing the 
family tree of these people. Once again, circles represfepi 
females and squares represent males. Black indicates that the 
person is a "bleeder"; white shows that he is not. 



MAJOfI POINT 

An individual's traits may be intluencad by th« 
combination of bits of information possessed, 
as well as by tfie sox Of the individual. 

( 



Albert 



QuMn Victoria 
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Victoria Edward Alice 
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Louie Alfred Helena Arthur 



Haory 
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W^daffiar SIglamund Henry 



Oloa Tatlana .M*ria Anaataaia Ataxia 



Figure 1 
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Note that In the series of questions on this 
p«9e. the student i« b^ino led ic^^oscibly 
erroneous conclusion He sees that aii the 
bleeders nre male; ho Is reminded that males 
have a Y-chromosome but females do not. 
this prpbably leads him to conclude that the 
bit for the disorder is located on the 
Chromo86me However, if he Cfoes back to 
Flfifure 1 as suggested In the text on the next 
page, he sees that this conclusion cannot be 
correct All of the males must have received 
their Y^chromosomes from the father in each 
case, yet some were bleeders and others 
were not. The accepted model shows that an 
,X-chromo3ome for normal blood can mask 
the X-chromosome for iDleader s disease, but 
A Y-chromosome cannot Therefore If the X- 
chromosome for bleeding I3 present in a male, 
he will be a bleeder; In a female, this cannot 
happien because of the presence of the mask^ 
Ing X-chromosome 



01. Does your two-bit tnmlcl (sec page 83 for a summary 
of the model) explain the data in f 'igurc 1? 

□ 2. Which bit seems to mask and which bit seems to be 
masked? 

□ 3^ How n^any male and how many female bleeders arc 
shown in Figure I? 

□ 4. What a.^siimption can you add to your two-bit model 
to explain the number of male bleeders as cohipared with 
female bleeders? 

Okay, there's your problem. The rest of this excursion is 
devoted to a possible answer to^it. Do not read on until 
you've tried hard to solve the prpblem for yourself. 




Excursion 7-3 Is roterrwd to in this excursion. 



If you successfully answered the last question, you deserve 
^ a medal. It's really a tough one. To fully understand it, you 
need to know the model for how sex is inherited. Excursion 
7-3 will help you w\th this if you don't a^eady know it. 

As Excursion 7-3 suggests, you can assume that every boy 
and man shown in Figure 1 has one Y-chromosomc as well 
as one X-chromosome. The girls and. women shown in the 
figure have no Y-chropiosome^nly X-chromosomes. This 
• is a good clue to how bleeder's disease is inherited. 

□ 5. In view (Of Hhe information in the last paragraph, why 
do you think bleeders are males only? 

□ 6, On what chromosome do you suppose the bit of infor- 
mation for bleeder's disease is located? 
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If you guessed that the bit for bleeder's disease is carried 
on th<^-chrQinosome, you did quite well. Unfortunately, 
however, your hypothesis won't explain everything you see 



in F^igurc I. (Try it and .scc^-I^Tncr approach is to think 
. in t«rms of the X-chro?nosf)mc. Here's the model for the 
inheritance of bleeder's disease- (hat scientists now use—look 
it <;^cr carefully. 

1. Some X-chromosomes carry the bit (gene) for bleeder's 
disease (X*'). 

2. .Other X-ch^omosomcs carry the bit (gene) for normal 
blood clotting (X^). 

3. Y-chromosomes don't carry cither the bit for blcei^cr's 
disease ^r the one for normal clotting. 

4. The bit bf information for normal clotting can mask 
(is dominant over) the bit for blfeeder's disease. 

□7. Shown below arc the pairs of sex chjromosomcs of two 
men and two women. Using the model above, decide whether 
. each individual is a bleeder or not. In your Record Book, 
write "bleeder" or "nonbleeder" for each one^ . 

Woman b. Woman c, Man d. Man 
X^'XN ,. . x^X" X^Y X'>Y 

V 

Now take a look at the family tree shown in Figure 2. 
Notice how the bleeder's disease bits are passed along and 
their effect, ^ 




Mother 
normal 





Parmts 



Father 
biMdar 




ChMdran 



Spn normal oilughter r)ormal Daughter normal 




QrarKlchHdran 





5n-ln-law normal 




Ottughttr npnnal Son normal Son blf«d«r 



7. Only d Is a bleeder. 



Figure 2 



/ 



EXCURSION 7-4 125 



116 



/ 



X 



1.0, None of th© sons could b© bleeders. Al- 
though they get a Y from the father, either X 
frqm the mother will be for normal blood. 
QrandsQns. however, could be bleeders either 
from a son or a daughter of the firat genera- 
tion, for example, suppose a son (X^'Y) mar- 
ried a girl who was X^X^. Then their son 
(a grandson ot the original couple) could be 
X^Y, a breeder. Likewise, a daughter could be 
X'^'X** and marry a man who was X^'Y. A act) 
from this marHage CQ\jld be X^Y, a bWder. 



□ 8. Why is one of the grandsons in Figure 2 a bleeder and 
the other a n on bleeder? 

Now (urn back to ^''igurc I. 

□ 9. How do yt)ii now explain thA fact that not all the male? 
of this royal family have bleeder's disease? 

You have learned that some features are said to be sex- 
linked. Features like bleeder's disease are called sex-Iinkcd 
because the bits for them are thought tQ be located on sex 
chromosomes, X and Y in case of humans. There arc about 
60 sex-hnked traits in humans, such as one kind of night 
blindness, myopia, double eyelashes, and one type of color 
blindness. Now, here's « good one for' you to amwer, 

□ 10. Suppose a male bleeder married a pure-strain female 
who's not a bleeder. Cm^d any of his sons be breeders? 
Could any of his grandf^ns? Explain. 
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19 tobacco M«d8 

1 p9\r\ dith with lid 

2 p«p#r towels 
Soltsort 



I Wonder Where 
the Color Went? 

Thl« l^-an •nrlchmant •xcurslon. 



Here's a good chance to find out if some oth^r variable might 
affect the appearance of oflTspring. For this excursion, you 
need the following materials: ? 

15 tobacco seeds ' 

1 pctri dish with lid 

2 paper towels 

I pair scissors j 

ACTIVITY 1, Cut two pieces of paper towel ttie size of the 
petrl dish. Place them In ^the bottom of the dish. Wet the 
|Mp#r towels end pour off hny excess water. 



Pspsr towel 




PURPOSE 

^To show the Interaction of environment with 
heredity In tobacco plants. 
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MAJOR POINTS 

1, The environment of an organism may have 
en effect on Its featurea, 

2, It la aomellmea diftlcult to determine 
whether environment or genetic Inheritance 
controls a featutf. 

Note that the method of seed germination is 
the same for Jthls experiment and Prbblem 
Break 3-1, However. In the teacher notes for 
the problem break, you were warned to be 
•ure to remove the seedlings from the dark 
Into the light at least 24 hours before they 
were to be used. In this excursion, thdy re- 
•main In the dark until they are used. 

Be sure the student Is aware that this excur- 
sion will carry over for 10 days or more, and 
that the plants mgst be watered every day. 
See the Caution In the text on the next puge. 

NOTE: 

Empty some closets or dra^vers or make other 
appropriate arrangements so that studertts 
will have a dark place to germinate their to- 
bacco seedlings. As an alternative, dishea 
may be tightly wrapped in aluminum foil or 
placed In a light-tight box. 



ACTIVITY 2. Place the 15 seeds onto the paper towel so that 
Mch seed Is separated from every other seed. 






ACTIVITY 3.Vut fhe lid on the dUh and gently set It In a dark 
placa (auch aa a drawer or cupboard). 

Caution // M-/7/ he fen Hays before yOur seeds germinate. Be 
sure (he seeds do not dry oul Check rhem EVER Y DAY and 
add water if (he paper fowellooks dry. But don V add too much 
wafer. Be sure your seeds are watered sufficiently on a Friday 
to carry (hem [hraugfi (he weekend 

After the seeds have sprouted, notice the color of the 
leaves. ] 

■ i 

□ 1. What color were the leaves on the t<5bacco plants? 

□2. How did the tobacco plants in the dish you just observed 
differ from the tobacco plants observed in Problfem Break 
3-,!? 

□ 3. Were the differences due to diffeift^Jiitflrof information 
(genes)? f 

□4. Explain your answer to question 3. ^ 

□ 5. Suppose you moved the plants grown in the dark to the 
light. What do you predict would happen? Move the plants 
to test your prediction and describe the result^. 

□6. This experiment shows that soraethin| other than bits 
of information has an effect upon what offspring will look 
like. What is that "something"? 
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lid 



4 



bquipMknt list 

1 %mi of coior«d pi^p«ir 

1 box of colored (oothp?cK» 
1 pair Of tw»«r#f» 



One, Two, 
Pick-up Sticks 



PURPOSe 

To illuatrntfr tt\e selective ndv^nmpe of pro- 
t#ctlv« ooloraflon. 
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Thft It an •nrlcfimant ©xcuralcpn. 

By now you know that features are passed from pSf-cnt to 
offspring through bits of information (genes). If the features 
arc passed along perfectly every time, then life would neVtr 
chknge. 

The same fcaturits should Ijc passed from generation to 
generfition. But ariyone who has read ^bout dinosaurs or 
fo^s knows th^t^ changes have been happening. In this 
excursion> you will sec a way that one form of change can 
take place. 

For this activity, let's assume that you are an insect-eating 
birdL We will let colored toothpicks represent young stages 
of the insects you eat. Colored paper will represent the miite- 
rial on which the insects live. For this activity, you will need 
a partner and these materials: , ^ 

1 set of colored paper (6 different Colors) 
I box of colored toothpicks 
I pair of tweezers 



MAJOR POINTS 

1. Changes can (ak« place In the genetic 
Information parsed on to offspring. 

2. Color can be an Important f^Qtor In how 
well an animal survives. 

3. Man's effect on th^ environment can influ- 
ence features of living things. 




ACTIVITY 1. Scatter 30 toothplclcs, h^lf of one color and half 
of «nolhar color, on a piaca of papar whoaa tofbr matchaa 
that pf one of tha toottipicka. Qjp not lat your partner aee you 
^ihla. 
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ACTIVITY 2. Move into a dimly lit arep. Have your partner pick 
up as many toothpicks as possible with the tweezers In five 
seconds. 



.3 and 4. Both students should have picked xip 
mor« nonmatohing sticks. The explanation' 
ihpuld indicate that matching sticks are more 
dffflcuU (o t#e. • 

* i . 
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HINT If you do not have a watch with a second hand, you 
may esliinate the lime by coimling etc. 

□1. How many toothpicks did your partner pick up that 
matched the colored, paper? that did not match the paper? 

Exchange roles with your partner so that each of you has 
the chance to play bird. 

□2*. How many toothpicks did you pick up that matched the 
colored paper? that did not match the paper? 

□3. How did your partncr*s reslilts compare with ypujr 
results? 

□4. Explain the results that you an^^your partner gpt. 

Try difrerent*combinatibns of colored paper and toothpicks 
to confirm your results. 



<1 



Thh simple experiment can be applied to the inheritance 
of features. Lions, toacft, robins, sharks, wolves, and hawks 
have 4t least one thing in common. All of them prey upon 
other animals for food. To survive, these animals must find 
and capture the animals they feed upon. The survival of the 
prcydcpcnds upon its jibility to avoid being caught, /^ny 
foiture of the prey that makes it difficult to catch is important 
for its survival. ' 

_ Color is a common and important feauirc. Some animals 
match their background very closely, but others don't. Let's 
use how well an animal matches its background as we con- 
sider survival. 




Suppose a particular moth is preyed upon by birds. During 
the daytime this moth is found on the trunks of trees. Both 
the^tr^es and th^ moths vary in color. That is, some moths 
arc lighter colored than others. The same hc^ds triie for the 
trees. Because of the variation in the color of tree trunks and 
nrioth3/Some moths are more easily seen by birds than arcr 
others as they rest on tree trunks. 

* . 

Q$* What color combination of moths and trees would make 
the moths less likely to be eaten by birds? 
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Although it is not necessary for the student 
to know, this 18 a much-quoted study of the 
peppered moth {Biston betuiana) Biologists 
were able to document the changes In the 
moth coloration around Manchester. England, 
as a result of increased industnaltzation ovt^r 
a period of 100 years The darker m6th. a 
relatively rare individual over a Century ago. 
is now common, and the lighter-colored ones 
have become rarer 




Now Icfs suppose there is a changer in ihe forest where 
ihc moths live. Smoke from a large factory^ buih nearby stains 
the bark of all the trees. No longer arc there any light-colored 
trees. Light-colored moths arc now easily seen against arty 
tree. 

□ 6. Which moths would be most likcJy and which Ica^t 
likely to sui^vive in this changed forest? 

Those moths that are most easily seen are less likely to 
Mirvive and to pass bits of information on to offspring. 

□ 7. In imie, what c4ianges do you predict will occur in the 
color of the moths living in the changed forest? 

□ 8. What conclusions do you reach regarding the inheri- 
tance of color among these moths? ^ 
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PURPOSE 

To gIvQ Iho student a feolmg (or simuUanoous 
Non« effects of horodity pnd onvironmont on human 



Do Blondes Have 
More Fun? 
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TM« •xci^rsion Is for general uso.' 

You have seen that assuming that features are controlled by 
bits of information can be a very useful model. But are bits 
of information the only variable involved in what individuals 
look like? If not, are they the most important factors? Let's 
sec. 

Tabic I contains seven features that depend upon the 
environment. Complete the table in your Record Book by 
placing an X next to the environmental facW(s) that you 
think can affect each feature. 



FEATURES 


^ ^ • \ — r— ^ 

ENVIRONMENTAL FACTORS 


Sunlight 


Exercise 


Diet 


Skin tanning 








Freckles 








Intelligence 








Hair colpr 








Weight 








Size of muscles 








Handedness 




i 





□ 1. Ust some other human features that you think are 
affected by the person's environment. 

□a. Which do you think is more important in determining 
how.a person looks— his bits of information or environmental 
factors? . • 




MAJOR POINTS 

1. You cannot change the bits of Information 
you racfefved from your parents: 

2. You can cfiange environmental factors. 

3. Environm^al acquisitions are not trans- 
mitted by genSb. 



Tabl# 1 



This table should create Interest and Illustrate 
• the difficulty of separating heredity-environ- 
ment effects. \^ 

\ 
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3, If thay answer Yes, aafi thorn how 



Questions e through 10 The student is di- 
rected toward further study Encourage him 
He should discover that the features devel- 
oped because of environment are not trans- 
mitted by bits of genetic information 




This last question raises a problem that has been discussed 
over and over again. It is often called the ''Nature— Nurture" 
problem. You might like to see what other books have to 
say about it. Some researchers argue that the environment 
(Nurture) is more important in determining what a person 
IS like. Others place greater importance oh the bits of infor- 
mation a-person inherits (Nature). Everyone agrees, however, 
that both environment and bits of information are important. 

□ 3. Could you change the bits of information you received 
from your parents? 

□ 4. Could you change yojjj environment? 

□ 5. How could you affect the degrei^ to' which some of your 
features develop? 

fi- 
ne. This excursion suggests a very important question— Can 
a change in the features of a 7>arent that is caused the 
environment be passed on to offspring? (Questions 7 through 
10 point up the problem. (Just look them over now; don't 
try to answer them yet.) 

□ 7. Would a weight Hfter's children have stronger muscles 
because of the amount of exercise h^ takes? 

□ 8. Would the children of a man who works in the sun all 
day be bom darker because of his exposure? 

.□9. If some day you go to college, will your children .be 
bom smarter because of your education? 

QiO.. Will the children of a world 's-record-holding runner 
be able to run faster than their friend^? If so, why? 



Your problem is to study this subject in whatever books 
and magazines you can find. Try your own school library 
and, if one is available, a public library. An encyclopedia 
might help, too. Your teacher may be able to suggest what 
books are available. ^ > 

When you think you have an answer to question 6, write it 
in your Record Book; then^swer questions 7 through 10. 
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